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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates generally to wireless communications and in particular to a system and method of
configuring Packet Data Convergence Protocol packet duplication on unavailable resources and deleting un-transmitted
packets, so the resources can be quickly allocated in a survival time mode.

BACKGROUND

[0002] The Fifth Generation (5G) New Radio (NR) standard under development by the Third Generation Partnership
Project (3GPP)is being designed to provide service for multiple use cases, such as Enhanced Mobile Broadband (eMBB),
Ultra-Reliable and Low Latency Communication (URLLC), and Machine-Type Communication (MTC). Each of these
services has different technical requirements. For example, the general requirement for eMBB is high data rate with
moderate latency and moderate coverage; URLLC service requires low latency and high reliability transmission with
moderate data rates; and MTC tolerates low data rates, but requires high coverage and the ability to support massive
numbers of devices.

[0003] One ofthe features to supportthese use cases is Packet Data Convergence Protocol (PDCP) packet duplication
as specified in 3GPP Technical Standard (TS) 38.300 v16.5.0, § 16.1.3. For high reliability and low latency - such as
required by URLLC services - the network can configure multiple independent transmission paths between two endpoints.
Packet Data Units (PDUs) to be transmitted are duplicated, and a separate copy transmitted on each path. At the
convergence point, the first PDU to arrive is forwarded, and duplicates are discarded. In this manner, a delay or loss on one
path does not prevent the timely delivery of data.

[0004] Inparticular, when PDCP packet duplication is configured for a Data Radio Bearer (DRB), atleast one secondary
Radio Link Control (RLC) entity, in addition to the primary RLC entity, is added to the DRB to handle the duplicated PDCP
PDUs. The logical channel (LCH) corresponding to the primary RLC entity is referred to as the primary LCH, and the LCH
corresponding to a secondary RLC entity is referred to as a secondary LCH. A wireless device can be configured with
multiple secondary RLC entities. When PDCP packet duplication is configured, the same PDCP PDUs are submitted
multiple times - once to each activated RLC entity for the radio bearer. By providing multiple independent transmission
paths, PDCP packet duplication increases reliability and reduces latency.

[0005] PDCP packet duplication is possible in Dual Connectivity (DC) and Carrier Aggregation (CA) protocol archi-
tectures. Both Radio Resource Control (RRC) signaling and Medium Access Control (MAC) Control Elements (CEs) can
be used to control activation/deactivation of packet duplication by the UE in uplink (UL) by the base station (gNB).
[0006] Inthe 5G Quality of Service (QoS) framework, a QoS flow is established in the 5G system and can be mappedtoa
DRB. The QoS flow is associated with QoS parameters (5G QoS Identifier (5Ql) values) such as Packet Delay Budget
(PDB). The 5G Radio Access Network (RAN) scheduling packets of this QoS flow (mapped to a DRB in 5G RAN) shall thus
deliver packets within this PDB.

[0007] Another metric important in the URLLC communication context, related to PDB, is so-called "survival time."
Accordingto 3GPP TS 22.104 v18.0.0, survival time is defined as the time that an application consuming a communication
service may continue without an anticipated message. The message is expected to be received by the application no later
than at the end of the PDB, and the survival time is the maximum additional time that a message is expected after the PDB
expires.

[0008] For Time Sensitive Communication (TSC) traffic types (typical in industrial automation, autonomous vehicles,
and other URLLC type communications), 3GPP TS 23.501 v17.0.0 specifies TSC Assistance Information (TSCAI)
signaling, which provides further information on the QoS flow traffic from the 5G core network to a RAN. This signaling
includes information on UL/DL direction, periodicity, arrival time of a burst of data in this flow, and the survival time. See
table 5.27.2-1 in the 3GPP TS 23.501 v17.0.0, reproduced below:

Table 5.27.2-1: TSC Assistance Information (TSCAI

Assistance Information Description
Flow Direction The direction of the TSC flow (uplink or downlink).
Periodicity It refers to the time period between start of two bursts.

Burst Arrival time (Optional) | The latest possible time when the first packet of the data burst arrives at either the
ingress of the RAN (downlink flow direction) or egress interface of the UE (uplink
flow direction).
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(continued)

Assistance Information Description

Survival Time (Optional) It refers to the time period an application can survive without any burst, as defined in
clause C.2.3 of TS 22.104.

[0009] The survivaltimeistypically expressed as aninteger number of periodicities of the incoming traffic. Knowledge of
the survival time can be beneficial for a gNB to opportunistically schedule a least an amount of radio resources to meet the
QoS requirement of the traffic.

[0010] Figure 1 depicts such an additional allocation of radio resources to meet QoS for a known survival time. The
network schedules radio resources with normal allocation of Physical

[0011] Resource Blocks (PRB)for the incoming packets with a nominal Packet Error Rate (PER) target. If a packetis not
delivered within the Packet Delay Budget (PDB), causing the application to enter survival time mode, more radio resources
are allocated for subsequent packets so that those packets are delivered within the survival time. In the example of Figure
1, assume the first message is lost and not delivered to the application (as indicated by the dashed lines). This starts the
survival time. The gNB allocates additional resources, and the second message is delivered on time - that is, within the
PDB. After successfully receiving one packet within the survival time, the application exits survival time mode, and
resource allocations can return to the normal case, e.g., for delivery of the third message.

[0012] The network can transmit a dynamic re-scheduling commands (e.g., dynamic UL grant or DL assignments) to
allocate more resources for the subsequent packets. The dynamic re-scheduling commands can only schedule
transmission resources for subsequent packets on the same cell as the initial transmission. In the case of re-allocating
the resources for the UL configured grant (CG) and DL Semi-Persistent Scheduling (SPS), itis restricted in the cell in which
CG and SPS are configured. These restrictions can be insufficient to deliver the subsequent packets within the survival
time if this cell may be subject to blocking (e.g., in FR2).

[0013] PDCP duplication on another cell is known to provide diversity gain and boost the packet transmission reliability.
However, PDCP duplication is activated only by the MAC CE or the RRC configuration, both of which are slow and not
suitable for the case in which the survival time is short (e.g., 0.5 millisecond).

[0014] The Background section of this document is provided to place aspects of the present disclosure in technological
and operational context, to assist those of skill in the art in understanding their scope and utility. Approaches described in
the Background section could be pursued, but are not necessarily approaches that have been previously conceived or
pursued. Unless explicitly identified as such, no statement herein is admitted to be prior art merely by its inclusion in the
Background section.

[0015] US 2020/0274654 A1 mentions apparatuses, methods, and systems for autonomous packet duplication and
retransmission.

[0016] EP 3 399 724 A1 relates to methods and apparatuses for transmitting data duplication in a wireless commu-
nication system.

[0017] WO 2019/158059 A1 relates to improvements for PDCP duplication to achieve higher reliability on data
transmission.

SUMMARY

[0018] The following presents a simplified summary of the disclosure in order to provide a basic understanding to those
of skill in the art. This summary is not an extensive overview of the disclosure and is not intended to identify key/critical
elements of aspects of the disclosure or to delineate the scope of the disclosure. The sole purpose of this summary is to
present some concepts disclosed herein in a simplified form as a prelude to the more detailed description thatis presented
later.

[0019] According to aspects of the present disclosure disclosed and claimed herein, fast activation of PDCP duplication
resources is enabled by deliberately scheduling at least one duplication leg for which transmission resources are not
available. Stale packets, (not transmitted due to a lack of resources) are discarded, so the current packet is always at the
top of the queue. That PDCP duplication leg can then be activated quickly when needed, as it has already been configured.
[0020] In particular, the network configures and (proactively) activates PDCP duplication with several duplication legs.
For atleast one PDCP duplication leg, the network configures a logical channel prioritization (LCP) restriction, so that the
logical channel in that duplication leg is restricted to be transmitted on resources that are not always available for the UE to
utilize. The network configures a discard timer so that the old/stale packets are discarded, meaning those packets for
which a PDCP duplication is activated, but no transmission resources were available. As a result, when resources are
made available by the network, only the latest PDCP duplicate packet from the UE will be transmitted.

[0021] There are two variants for the resource allocation by the network. First, the resource is not activated beforehand,
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and, if entering the survival time, the network dynamically can transmit a DCl command (e.g., the CG type 2 activation or
dynamic grant with a specific PHY-priority-index) to allocate these resources for the UE to actually transmit data packets on
the configured PDCP duplication leg. Second, the resource is activated beforehand, but scarcely, such thatitoccurs (i.e., is
available) every N-th packet, and so there is a duplication for every N-th packet.

[0022] One aspectrelates to a method, performed by a wireless device operative in a wireless communication network,
for transmitting uplink data packets in a data flow implementing Packet Data Convergence Protocol (PDCP) packet
duplication. A first Radio Link Control (RLC) entity is operated as a first PDCP duplication leg, and a second RLC entity is
operated as a second PDCP duplication leg. Upon the actual or estimated arrival of each data packet in the first PDCP
duplication leg, a discard timer having a duration less than an estimated arrival time of a subsequent data packetiis started.
In response to the unavailability of radio resources associated with the first PDCP duplication leg, each packet is
discarded, without transmitting it, at the expiration of the discard timer. In response to the network allocating radio
resources associated with the first PDCP duplication leg, data packets are transmitted to the network utilizing the allocated
radio resources.

[0023] Anotheraspectrelates to a method, performed by a base station operative in a wireless communication network,
for controlling the transmission of uplink data packets in a data flow implementing Packet Data Convergence Protocol
(PDCP) packet duplication. A first Radio Link Control (RLC) entity is configured as a first PDCP duplication legin a wireless
device operative in the wireless communication network. A second RLC entity is configured as a second PDCP duplication
leg in the wireless device. A discard timer in the wireless device is configured to be started upon the actual or estimated
arrival of each data packet in the first PDCP duplication leg, the discard timer having a duration less than an estimated
arrival time of a subsequent data packet. In response to timely receiving data packets from the second PDCP duplication
leg, radio resources associated with the first PDCP duplication leg are not allocated. In response to failing to timely receive
a data packet from the second PDCP duplication leg, radio resources associated with the first PDCP duplication leg are
allocated and data packets from the first PDCP duplication leg are received.

[0024] Yetanotheraspectrelatestoa UE operative in a wireless communication network to transmit uplink data packets
in a data flow implementing Packet Data Convergence Protocol (PDCP) packet duplication. The UE includes commu-
nication circuitry configured to wirelessly transmit and receive signals, and processing circuitry operatively connected to
the communication circuitry. The processing circuitry is configured to operate a first Radio Link Control (RLC) entity as a
first PDCP duplication leg, and a second RLC entity as a second PDCP duplication leg; upon the actual or estimated arrival
of each data packet in the first PDCP duplication leg, start a discard timer having a duration less than an estimated arrival
time of a subsequent data packet; in response to the unavailability of radio resources associated with the first PDCP
duplication leg, discard each packet, without transmitting it, at the expiration of the discard timer; and in response to the
network allocating radio resources associated with the first PDCP duplication leg, transmit data packets to the network
utilizing the allocated radio resources.

[0025] Still another aspect relates to a base station operative in a wireless communication network to control the
transmission of uplink data packets in a data flow implementing Packet Data Convergence Protocol (PDCP) packet
duplication. The base station includes communication circuitry configured to wirelessly transmit and receive signals, and
processing circuitry operatively connected to the communication circuitry. The processing circuitry is configured to
configure afirst Radio Link Control (RLC) entity as a first PDCP duplication leg in a wireless device operative in the wireless
communication network and a second RLC entity as a second PDCP duplication leg in the wireless device; configure a
discard timer in the wireless device to be started upon the actual or estimated arrival of each data packet in the first PDCP
duplication leg, the discard timer having a duration less than an estimated arrival time of a subsequent data packet; in
response to timely receiving data packets from the second PDCP duplication leg, not allocate radio resources associated
with the first PDCP duplication leg; and in response to failing to timely receive a data packet from the second PDCP
duplication leg, allocate radio resources associated with the first PDCP duplication leg.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The present disclosure will now be described more fully hereinafter with reference to the accompanying
drawings, in which aspects of the disclosure are shown. However, this disclosure should not be construed as limited
to the aspects set forth herein. Rather, these aspects are provided so that this disclosure will be thorough and complete,
and will fully convey the scope of the disclosure to those skilled in the art. Like numbers refer to like elements throughout.

Figure 1 is a timing diagram illustrating the dynamic allocation of resources when survival mode is activated.
Figure 2 is a state diagram showing transitions into and out of survival mode.

Figure 3 is a flow diagram of a method performed by a wireless device.

Figure 4 is a flow diagram of a method performed by a base station.

Figure 5 is a hardware block diagram of a wireless device.

Figure 6 is a functional block diagram of a wireless device.
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Figure 7 is a hardware block diagram of a base station.

Figure 8 is a functional block diagram of a base station.

Figure 9 is a block diagram of a wireless communication network and some components thereof.
Figure 10 is block diagram of a UE.

Figure 11 block diagram of a virtualization environment.

Figure 12 is a diagram of a telecommunication network connected via an intermediate network to a host computer.
Figure 13 is a diagram showing communications between a host computer, base station, and UE.
Figure 14 is a flow diagram of a method of a host computer transmitting user data to a UE.
Figure 15 is a flow diagram of another method of a host computer transmitting user data to a UE.
Figure 16 is a flow diagram of a method of a host computer receiving user data from a UE.
Figure 17 is a flow diagram of another method of a host computer receiving user data from a UE.

DETAILED DESCRIPTION

[0027] For simplicity and illustrative purposes, the present disclosure is described by referring mainly to one or more
exemplary aspects thereof. In the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present disclosure. However, it will be readily apparent to one of ordinary skill in the art that
the present disclosure may be practiced without limitation to these specific details. In this description, well known methods
and structures have not been described in detail so as not to unnecessarily obscure the present disclosure.

[0028] In the following discussion, for simplicity and without loss of generalization, it is assumed that there is a single
packet within one burst period of a TSN QoS flow, and it is mapped to one PDCP Service Data Unit (SDU).

[0029] According to aspects disclosed herein, the network configures and activates at least first and second PDCP
duplication legs for a Data Radio Bearer (DRB), and configures a discard timer equal to the packet delay budget (PDB) of
the DRB. In one aspect, the discard timer may be a PDCP discard timer; in another aspect, the discard timer may be aRLC
discard timer associated with a PDCP duplication leg.

[0030] The purpose of the discard timer is to allow the transmitter to discard the packet that has been delayed more than
the PDB - in other words, the packet that would not meet its PDB.

[0031] Inone aspect, the discarding mechanism applies only to a first PDCP duplication leg, for which intentional lack of
resources is expected. This way, in the case that no resources are allocated for the first PDCP duplication leg, packets are
quickly discarded. On the other hand, packets still have the chance to be transmitted eventually via a different PDCP
duplication leg, e.g., a second PDCP duplication leg, which does not discard packets as quickly. According to current
specifications, PDCP discard is indicated to all duplication legs (RLC entities) for discarding packets already transmitted to
these RLC entities. According to aspects of the present disclosure, however, the discarding indication is only provided to
certain RLC entities, and is not provided to other RLC entities.

[0032] From the BurstArrival Time (BAT) parameterin the TSCAI, an arrival time jitter for the packet can be determined,
and the BAT captures the latest possible time when the packet arrives at the RAN or UE. In other words, the packet may
arrive at any time before the BAT. It is understood that the above discard timers in the 3GPP standards start at the actual
packet arrival time at the relevant protocol layers (e.g., PDCP discard timers at the PDCP layer, and RLC discard timers at
the RLC layer). When considering the uplink case, the survival time at the network may start at the end of the BAT plus the
PDB, and therefore does not consider the actual packet arrival time at the UE. Aspects disclosed herein take into account
these differences between the RAN and UE regarding actual packet arrival time, and may only work in the case that the
PDB is shorter than the packet periodicity.

[0033] Inone aspect, the start of the discard timer is aligned with the actual packet arrival time at the PDCP/RLC layer of
the UE/gNB. The value of the discard timer is set longer than the PDB; the principle is to set the discard timer to account for
the packet arrival jitter. This ensures that the packet is not unnecessarily discarded, and does not interfere with
transmission of the packet in the next period. For example, the discard timer can be set to the time difference between
BAT (the latest possible time when a packet can arrive within the current period) and the earliest possible time the next
packet can arrive within the next period.

[0034] In another aspect, the start of the discard timer is aligned with the BAT in the TSCAI parameter, not the actual
packet arrival time at the PDCP/RLC layer of the UE/gNB. This is achieved by specifying that the UE shall start the discard
timer when the PDCP/RLC packet is delivered to the lower layer for transmission. The network shall configure periodic
resources (for transmission of the first duplicate or original), where at least one periodic resource occurs at time BAT and
the remaining resources occur periodically according to the periodicity parameter in the TSCAI.

[0035] As one option, for the case where the discard timer is started periodically at BAT, the BAT and periodicity are
indicated from the network to the UE.

[0036] In some aspects, PDCP duplication is enabled by DCI command.

[0037] In these aspects, the network additionally configures Logical Channel Prioritization (LCP) restrictions so that
some LCHs for PDCP duplication (i.e., duplication legs) are restricted to being transmitted using a specific set of
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resources. When resources for any given duplication leg are not available to the UE, the RLC packets ready for
transmission thereon are not transmitted, and are discarded after PDB per the discard timer configurations.

[0038] Oneexample of such anLCP restriction is thatthe LCH is restricted to only being transmitted on a configured CG,
but the CG is not active.

[0039] Another example is that the LCH is restricted to only being transmitted on a dynamic grant with priority index p1
(i.e., a higher PHY priority index grant intended for URLLC service), but the network does not transmit the dynamic grant
with priority index p1.

[0040] When a survival time mode is entered (e.g., the network does not receive a packet at the expected time instance
for UL periodic traffic, e.g., from a PDCP duplication leg that has network resources allocated to it), then the network
transmits DCI commands to enable data packet transmission on configured PDCP duplication legs which have not been
allocated resources. For the first example above, a CG activation DCl command is issued to activate the CGs that were not
activated. For the second example above, the network issues a dynamic grant with priority index p1. This allows the PDCP
duplication to be enabled for those duplication legs. Since the previous packets were discarded after the PDB timer
expired, they do not block the transmission of the subsequent packets.

[0041] When the survival time mode is exited (e.g., the network receives a packet at the expected time instance for UL
periodic traffic), then the network may transmit a CG de-activation DCl command to de-activate some activated CGs, or
stop transmitting the dynamic grant with priority index p1. This allows the PDCP duplication not to be used, thereby
preserving the radio resources. The de-activation by DCI also allows a faster activation by DCl in a later valid survival time
mode. Additionally, the network can independently choose to de-activate CGs, i.e., the de-activated CGs do not
necessarily need to be the ones that were activated in the previous survival time mode. This allows the network to
recover the links on the cells that were failed in the first place (e.g., beam failure recovery).

[0042] Without loss of generality, an example of a PDCP duplication with two legs is presented below. This can be
extended to a PDCP duplication with more than two legs, in which the method can be applied to any subset of PDCP
duplication legs.

[0043] Configuration by the network:

* gNB activates PDCP duplications with LCH-a and LCH-b

¢ RLC discard time for LCH-a and LCH-b is equal to PDB

e LCP restriction configures LCH-a in Cell-A (by allowedServingCells)

e LCP restriction configures LCH-b in Cell-B (by allowedServingCells)

e LCP restriction configures LCH-b restricted in CG-b configured in Cell-B (by allowedCG-List-r16)
¢ The CG-b is configured but de-activated

[0044] Actions upon UE entering survival time:

e gNB transmits the CG-b activation DCI command
[0045] Actions upon UE exiting survival time:

* gNB transmits the CG-b de-activation DCI command

[0046] In some aspects, PDCP duplication is pro-actively enabled every N-th PDCP SDUs.

[0047] In these aspects, the network additionally configures Logical Channel Prioritization (LCP) restrictions so that
some LCHs for PDCP duplication are restricted to be transmitted only on resources that are configured to be available only
every N-th PDCP SDU. By this configuration, the RLC packets on these duplication legs are not transmitted and are
discarded after PDB per the discard timer configurations if no resources are provided and, as a result, the PDCP
duplication is enabled only every N-th time (i.e., a duplicate is only transmitted for every N-th PDCP SDU).

[0048] One example of such an LCP restriction is that the LCH is restricted to be transmitted on a configured and
activated CG whose periodicity is N * the periodicity of the traffic.

[0049] Another example is that the LCH is restricted to be transmitted on a dynamic grant with priority index p1 (i.e., a
higher PHY priority index grant intended for URLLC service), and the network transmit such a dynamic grant periodically,
wherein the periodicity is equal N * the periodicity of the traffic.

[0050] Figure 2 depicts a state diagram of a network (e.g., the RAN) transitioning into and out of survival time mode, and
the network actions taken in each state and at the transitions. When the network is not in survival time mode - that is,
periodic packets in a TSC QoS flow are received within their PDBs - the network configures and activates PDCP
duplication. The network configures a discard timer for each duplication leg. For at least one duplication leg, the discard
timer is at least equal to the PDB, and is less than the arrival time of a next packet (e.g., determined from the periodicity
parameterin a TSCAI). The network configures an LCP restriction for a logical channel in at least one duplication leg, such
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that transmission is limited to radio resources that are currently intentionally unavailable - e.g., dependent on a configured
but not activated CG. Throughout the time the network is not in survival time mode, in response to the discard timer and the
unavailability of specified radio resources, the UE receives and discards packets in the restricted PDCP duplication leg,
such that no packets are transmitted from that duplication leg, and only a current packet is ready to transmit from that
duplication leg at any time.

[0051] Upon detecting a message not received within the PDB, the network enters survival time mode. In survival time
mode, the network activates the radio resources for the restricted PDCP duplication leg - e.g., activating the configured but
heretofore non-activated CG. Inresponse to the CG, the UE transmits packets on the restricted PDCP duplication leg. The
packets are current because prior packets were discarded at or after the expiration of their PDB. The addition of radio
resources (i.e., activation of the restricted PDCP duplication leg) to address the survival time situation is very fast - i.e.,
transmitting a CG in a DCI - particularly as compared to an RRC message or a MAC CE.

[0052] When the network detects a message received within the PDB, it exits survival time mode. The network
deactivates radio resources for the restricted PDCP duplication leg - e.g., de-activating the configured CG. In response,
the UE ceases transmitting packets in the restricted PDCP duplication leg, but continues transmitting packets in non-
restricted PDCP duplication leg(s). The UE discards packets in the restricted PDCP duplication leg without transmitting
them, so that only a current packet is ready to transmit at any time.

[0053] Figure 3 depicts a method 100 in accordance with particular aspects. The method 100 is performed by a wireless
device operative in a wireless communication network. The method 100 is a method of transmitting uplink data packetsina
data flow implementing Packet Data Convergence Protocol (PDCP) packet duplication. A first Radio Link Control (RLC)
entity is operated as a first PDCP duplication leg (block 102), and a second RLC entity is operated as a second PDCP
duplication leg (block 116). Upon the actual or estimated arrival of each data packet in the first PDCP duplication leg (block
104), a discard timer, having a duration less than an estimated arrival time of a subsequent data packet, is started (block
106). In response to the unavailability of radio resources associated with the first PDCP duplication leg (block 108), upon
the expiration of the discard timer (block 110) each packet is discarded, without transmitting it (block 112). In response to
the network allocating radio resources associated with the first PDCP duplication leg (block 108), data packets are
transmitted to the network utilizing the allocated radio resources (block 114).

[0054] Figure 4 depicts a method 200 in accordance with other particular aspects. The method 200 is performed by a
base station operative in a wireless communication network. The method 200 is a method of controlling the transmission of
uplink data packets in a data flow implementing Packet Data Convergence Protocol (PDCP) packet duplication. A first
Radio Link Control (RLC) entity is configured as a first PDCP duplication leg in a wireless device operative in the wireless
communication network (block 202), and a second RLC entity is configured as a second PDCP duplication leg in the
wireless device (block 204). A discard timer is configured in the wireless device to be started upon the actual or estimated
arrival of each data packet in the first PDCP duplication leg (block 206). The discard timer has a duration less than an
estimated arrival time of a subsequent data packet. In response to timely receiving data packets from the second PDCP
duplication leg (block 208), radio resources associated with the first PDCP duplication leg are not allocated (block 210). In
response to failing to timely receive a data packet from the second PDCP duplication leg (block 208), radio resources
associated with the first PDCP duplication leg are allocated, and data packets from the first PDCP duplication leg are
received (block 212).

[0055] Note that apparatuses described herein may perform the methods 100, 200 herein and any other processing by
implementing any functional means, modules, units, or circuitry. In one aspect, for example, the apparatuses comprise
respective circuits or circuitry configured to perform the steps shown in the method figures. The circuits or circuitry in this
regard may comprise circuits dedicated to performing certain functional processing and/or one or more microprocessorsin
conjunction with memory. For instance, the circuitry may include one or more microprocessor or microcontrollers, as well
as other digital hardware, which may include digital signal processors (DSPs), special-purpose digital logic, and the like.
The processing circuitry may be configured to execute program code stored in memory, which may include one or several
types of memory such as read-only memory (ROM), random-access memory, cache memory, flash memory devices,
optical storage devices, etc. Program code stored in memory may include program instructions for executing one or more
telecommunications and/or data communications protocols as well as instructions for carrying out one or more of the
techniques described herein, in several aspects. In aspects that employ memory, the memory stores program code that,
when executed by the one or more processors, carries out the techniques described herein.

[0056] Figure 5 forexample illustrates a hardware block diagram of a wireless device 10 as implemented in accordance
with one or more aspects. Awireless device 10 is any type of device capable of communicating with a network node and/or
access point using radio signals. A wireless device 10 may therefore refer to a machine-to-machine (M2M) device, a
machine-type communications (MTC) device, a Narrowband Internet of Things (NB loT) device, etc. The wireless device
10 may also be referred to as a User Equipment (UE), such as a cellular telephone or "smartphone," however, the term UE
should be understood to encompass any wireless device 10. Awireless device 10 may also be referred to as aradio device,
a radio communication device, a wireless device, a wireless terminal, or simply a terminal - unless the context indicates
otherwise, the use of any of these terms is intended to include device-to-device UEs or devices, machine-type devices, or
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devices capable of machine-to-machine communication, sensors equipped with a wireless device, wireless-enabled table
computers, mobile terminals, smart phones, laptop-embedded equipped (LEE), laptop-mounted equipment (LME), USB
dongles, wireless customer-premises equipment (CPE), etc. In the discussion herein, the terms machine-to-machine
(M2M) device, machine-type communication (MTC) device, wireless sensor, and sensor may also be used. It should be
understood that these devices, although referred to as UEs, but may be configured to transmit and/or receive data without
direct human interaction.

[0057] Insome aspects, the wireless device 10 includes a user interface 12 (display, touchscreen, keyboard or keypad,
microphone, speaker, and the like); in other aspects, such as in many M2M, MTC, or NB loTscenarios, the wireless device
10 may include only a minimal, or no, user interface 12 (as indicated by the dashed lines of block 12 in Figure 4). The
wireless device 10 also includes processing circuitry 14; memory 16; and communication circuitry 18 connected to one or
more antennas 20, to effect wireless communication across an air interface to one or more radio network nodes, suchas a
base station, and/or access points. As indicated by the dashed lines, the antenna(s) 20 may protrude externally from the
wireless device 10, or the antenna(s) 20 may be internal. In some aspects, a wireless device 10 may include a
sophisticated user interface 12, and may additionally include features such as a camera, accelerometer, satellite
navigation signal receiver circuitry, vibrating motor, and the like (not depicted in Fig. 5).

[0058] According to aspects of the present disclosure, the memory 16 is operative to store, and the processing circuitry
14 operative to execute, software which when executed is operative to cause the wireless device 10 to transmit packets for
a TCS QoS flow from a first PDCP duplication leg using restricted radio resources when the network is in survival time
mode. In particular, the software, when executed on the processing circuitry 14, is operative to perform the method 100
described and claimed herein. The processing circuitry 14 in this regard may implement certain functional means, units, or
modules.

[0059] Figure 6 illustrates afunctional block diagram of a wireless device 30 in a wireless network according to still other
aspects. As shown, the wireless device 30 implements various functional means, units, or modules, e.g., via the
processing circuitry 14 in Figure 5 and/or via software code. These functional means, units, or modules, e.g., for
implementing the method(s) herein, include for instance: a PDCP duplication leg operating unit 32, a packet discarding
unit 34, and a packet transmitting unit 36.

[0060] The network PDCP duplication leg operating unit 32 is configured to operate a first Radio Link Control (RLC)
entity as a first PDCP duplication leg, and a second RLP entity as a second PDCP duplication leg. The packet discarding
unit 34 is configured to, upon the actual or estimated arrival of each data packet in the first PDCP duplication leg, start a
discard timer having a duration less than an estimated arrival time of a subsequent data packet, and in response to the
unavailability of radio resources associated with the first PDCP duplication leg, discard each packet, without transmitting it,
at the expiration of the discard timer. The packet transmitting unit 36 is configured to, in response to the network allocating
radio resources associated with the first PDCP duplication leg, transmit data packets to the network utilizing the allocated
radio resources.

[0061] Figure 7 depicts a hardware block diagram of a base station 50 operative in a wireless communication network.
The base station 50 includes processing circuitry 52; memory 54; and communication circuitry 56 connected to one or
more antennas 60, to effect wireless communication across an air interface to one or more wireless devices 10. As
indicated by the broken connection to the antenna(s) 60, the antenna(s) 60 may be physically located separately from the
base station 50, such as mounted on a tower, building, or the like. Although the memory 56 is depicted as being internal to
the processing circuitry 54, those of skill in the art understand that the memory 56 may also be external. Those of skill in the
art additionally understand that virtualization techniques allow some functions nominally executed by the processing
circuitry 54 to actually be executed by other hardware, perhaps remotely located (e.g., in the so-called "cloud"). The base
station 50 is known in LTE as an eNodeB or eNB, and in New Radio (NR) as gNB. In general, in other wireless
communication networks, the base station 50 may be known as a Radio Base Station, Base Transceiver Station, Access
Point, or the like.

[0062] According to one aspect of the present disclosure, the processing circuitry 54 is operative to cause the base
station 50 to enter survival time mode upon detecting a missed packet in a TCS QoS flow, and in response to allocate
additional radio resources to the TCS QoS flow until a packet is received within a Packet Delay Budget (PDB). In particular,
the processing circuitry 54 is operative to perform the method 200 described and claimed herein. The processing circuitry
54 in this regard may implement certain functional means, units, or modules.

[0063] Figure 8 illustrates a functional block diagram of a base station 70 in a wireless network according to still other
aspects. As shown, the base station 72 implements various functional means, units, or modules, e.g., via the processing
circuitry 52 in Figure 6 and/or via software code. These functional means, units, or modules, e.g., for implementing the
method 200 herein, include forinstance: PDCP duplication leg configuring unit 72, discard timer configuring unit 74, packet
arrival monitoring unit 76, and radio resource (de)allocating unit 78.

[0064] The PDCP duplicationlegconfiguring unit 72 is configured to configure a first Radio Link Control (RLC) entity as a
first PDCP duplication leg in a wireless device operative in the wireless communication network, and to configure a second
RLC entity as a second PDCP duplication leg in the wireless device. The discard timer configuring unit 74 is configured to
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configure a discard timer in the wireless device to be started upon the actual or estimated arrival of each data packetin the
first PDCP duplication leg, the discard timer having a duration less than an estimated arrival time of a subsequent data
packet. The packet arrival monitoring unit 76 is configured to monitor the arrival of packets from the firstand second PDCP
duplication legs. The radio resource (de)allocating unit 78 is configured to, in response to timely receiving data packets
from the second PDCP duplication leg, not allocate radio resources associated with the first PDCP duplication leg; and in
response to not timely receiving data packets from the second PDCP duplication leg, allocate radio resources associated
with the first PDCP duplication leg and receive data packets from the first PDCP duplication leg.

[0065] Those skilledinthe artwill also appreciate thataspects herein further include corresponding computer programs.
[0066] A computer program comprises instructions which, when executed on at least one processor of an apparatus,
cause the apparatus to carry out any of the respective processing described above. A computer program in this regard may
comprise one or more code modules corresponding to the means or units described above.

[0067] Aspects further include a carrier containing such a computer program. This carrier may comprise one of an
electronic signal, optical signal, radio signal, or computer readable storage medium.

[0068] In this regard, aspects herein also include a computer program product stored on a non-transitory computer
readable (storage or recording) medium and comprising instructions that, when executed by a processor of an apparatus,
cause the apparatus to perform as described above.

[0069] Aspects further include a computer program product comprising program code portions for performing the steps
of any of the aspects herein when the computer program product is executed by a computing device. This computer
program product may be stored on a computer readable recording medium.

NETWORK DESCRIPTION AND OVER THE TOP ASPECTS

[0070] Although the subject matter described herein may be implemented in any appropriate type of system using any
suitable components, the aspects disclosed herein are described in relation to a wireless network, such as the example
wireless network illustrated in Figure 9. For simplicity, the wireless network of Figure 9 only depicts network 1106, network
nodes 1160 and 1160b, and WDs 1110, 1110b, and 1110c. In practice, a wireless network may further include any additional
elements suitable to support communication between wireless devices or between a wireless device and another
communication device, such as a landline telephone, a service provider, or any other network node or end device. Of
the illustrated components, network node 1160 and wireless device (WD) 1110 are depicted with additional detail. The
wireless network may provide communication and other types of services to one or more wireless devices to facilitate the
wireless devices’ access to and/or use of the services provided by, or via, the wireless network.

[0071] The wireless network may comprise and/or interface with any type of communication, telecommunication, data,
cellular, and/or radio network or other similar type of system. In some aspects, the wireless network may be configured to
operate according to specific standards or other types of predefined rules or procedures. Thus, particular aspects of the
wireless network may implement communication standards, such as Global System for Mobile Communications (GSM),
Universal Mobile Telecommunications System (UMTS), Long Term Evolution (LTE), Narrowband Internet of Things (NB-
IoT), and/or other suitable 2G, 3G, 4G, or 5G standards; wireless local area network (WLAN) standards, such as the IEEE
802.11 standards; and/or any other appropriate wireless communication standard, such as the Worldwide Interoperability
for Microwave Access (WiMax), Bluetooth, Z-Wave and/or ZigBee standards.

[0072] Network 1106 may comprise one or more backhaul networks, core networks, IP networks, public switched
telephone networks (PSTNs), packet data networks, optical networks, wide-area networks (WANSs), local area networks
(LANSs), wireless local area networks (WLANSs), wired networks, wireless networks, metropolitan area networks, and other
networks to enable communication between devices.

[0073] Network node 1160 and WD 1110 comprise various components described in more detail below. These
components work together in order to provide network node and/or wireless device functionality, such as providing
wireless connections in a wireless network. In different aspects, the wireless network may comprise any number of wired or
wireless networks, network nodes, base stations, controllers, wireless devices, relay stations, and/or any other compo-
nents or systems that may facilitate or participate in the communication of data and/or signals whether via wired or wireless
connections.

[0074] As used herein, network node refers to equipment capable, configured, arranged and/or operable to commu-
nicate directly or indirectly with a wireless device and/or with other network nodes or equipment in the wireless network to
enable and/or provide wireless access to the wireless device and/or to perform other functions (e.g., administration) in the
wireless network. Examples of network nodes include, but are not limited to, access points (APs) (e.g., radio access
points), base stations (BSs) (e.g., radio base stations, Node Bs, evolved Node Bs (eNBs) and NR NodeBs (gNBs)). Base
stations may be categorized based on the amount of coverage they provide (or, stated differently, their transmit power
level) and may then also be referred to as femto base stations, pico base stations, micro base stations, or macro base
stations. A base station may be a relay node or a relay donor node controlling a relay. A network node may also include one
or more (or all) parts of a distributed radio base station such as centralized digital units and/or remote radio units (RRUs),
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sometimes referred to as Remote Radio Heads (RRHs). Such remote radio units may or may not be integrated with an
antenna as an antenna integrated radio. Parts of a distributed radio base station may also be referred to as nodes in a
distributed antenna system (DAS). Yet further examples of network nodes include multi-standard radio (MSR) equipment
such as MSR BSs, network controllers such as radio network controllers (RNCs) or base station controllers (BSCs), base
transceiver stations (BTSs), transmission points, transmission nodes, multi-cell/multicast coordination entities (MCEs),
core network nodes (e.g., MSCs, MMEs), O&M nodes, OSS nodes, SON nodes, positioning nodes (e.g., E-SMLCs),
and/or MDTs. As another example, a network node may be a virtual network node as described in more detail below. More
generally, however, network nodes may represent any suitable device (or group of devices) capable, configured,
arranged, and/or operable to enable and/or provide a wireless device with access to the wireless network or to provide
some service to a wireless device that has accessed the wireless network.

[0075] InFigure9, network node 1160 includes processing circuitry 1170, device readable medium 1180, interface 1190,
auxiliary equipment 1184, power source 1186, power circuitry 1187, and antenna 1162. Although network node 1160
illustrated in the example wireless network of Figure 9 may represent a device that includes the illustrated combination of
hardware components, other aspects may comprise network nodes with different combinations of components. Itis to be
understood that a network node comprises any suitable combination of hardware and/or software needed to perform the
tasks, features, functions and methods disclosed herein. Moreover, while the components of network node 1160 are
depicted as single boxes located within a larger box, or nested within multiple boxes, in practice, a network node may
comprise multiple different physical components that make up a single illustrated component (e.g., device readable
medium 1180 may comprise multiple separate hard drives as well as multiple RAM modules).

[0076] Similarly, network node 1160 may be composed of multiple physically separate components (e.g., a NodeB
component and a RNC component, or a BTS component and a BSC component, etc.), which may each have their own
respective components. In certain scenarios in which network node 1160 comprises multiple separate components (e.g.,
BTS and BSC components), one or more of the separate components may be shared among several network nodes. For
example, a single RNC may control multiple NodeB’s. In such a scenario, each unique NodeB and RNC pair, may in some
instances be considered a single separate network node. In some aspects, network node 1160 may be configured to
support multiple radio access technologies (RATs). In such aspects, some components may be duplicated (e.g., separate
device readable medium 1180 for the different RATs) and some components may be reused (e.g., the same antenna 1162
may be shared by the RATs). Network node 1160 may also include multiple sets of the various illustrated components for
different wireless technologies integrated into network node 1160, such as, forexample, GSM, WCDMA, LTE, NR, WiFi, or
Bluetooth wireless technologies. These wireless technologies may be integrated into the same or different chip or set of
chips and other components within network node 1160.

[0077] Processing circuitry 1170 is configured to perform any determining, calculating, or similar operations (e.g.,
certain obtaining operations) described herein as being provided by a network node. These operations performed by
processing circuitry 1170 may include processing information obtained by processing circuitry 1170 by, for example,
converting the obtained information into other information, comparing the obtained information or converted information to
information stored in the network node, and/or performing one or more operations based on the obtained information or
converted information, and as a result of said processing making a determination.

[0078] Processing circuitry 1170 may comprise a combination of one or more of a microprocessor, controller, micro-
controller, central processing unit, digital signal processor, application-specific integrated circuit, field programmable gate
array, or any other suitable computing device, resource, or combination of hardware, software and/or encoded logic
operable to provide, either alone or in conjunction with other network node 1160 components, such as device readable
medium 1180, network node 1160 functionality. For example, processing circuitry 1170 may execute instructions stored in
device readable medium 1180 or in memory within processing circuitry 1170. Such functionality may include providing any
of the various wireless features, functions, or benefits discussed herein. In some aspects, processing circuitry 1170 may
include a system on a chip (SOC).

[0079] Insome aspects, processing circuitry 1170 may include one or more of radio frequency (RF) transceiver circuitry
1172 and baseband processing circuitry 1174. In some aspects, radio frequency (RF) transceiver circuitry 1172 and
baseband processing circuitry 1174 may be on separate chips (or sets of chips), boards, or units, such as radio units and
digital units. In alternative aspects, part or all of RF transceiver circuitry 1172 and baseband processing circuitry 1174 may
be on the same chip or set of chips, boards, or units

[0080] In certain aspects, some or all of the functionality described herein as being provided by a network node, base
station, eNB or other such network device may be performed by processing circuitry 1170 executing instructions stored on
device readable medium 1180 or memory within processing circuitry 1170. In alternative aspects, some or all of the
functionality may be provided by processing circuitry 1170 without executing instructions stored on a separate or discrete
device readable medium, such as in a hard-wired manner. In any of those aspects, whether executing instructions stored
on a device readable storage medium or not, processing circuitry 1170 can be configured to perform the described
functionality. The benefits provided by such functionality are not limited to processing circuitry 1170 alone or to other
components of network node 1160, but are enjoyed by network node 1160 as a whole, and/or by end users and the wireless
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network generally.

[0081] Device readable medium 1180 may comprise any form of volatile or non-volatile computer readable memory
including, without limitation, persistent storage, solid-state memory, remotely mounted memory, magnetic media, optical
media, random access memory (RAM), read-only memory (ROM), mass storage media (for example, a hard disk),
removable storage media (forexample, a flash drive, a Compact Disk (CD) or a Digital Video Disk (DVD)), and/or any other
volatile or non-volatile, non-transitory device readable and/or computer-executable memory devices that store informa-
tion, data, and/or instructions that may be used by processing circuitry 1170. Device readable medium 1180 may store any
suitable instructions, data or information, including a computer program, software, an application including one or more of
logic, rules, code, tables, etc. and/or other instructions capable of being executed by processing circuitry 1170 and, utilized
by network node 1160. Device readable medium 1180 may be used to store any calculations made by processing circuitry
1170 and/or any data received via interface 1190. In some aspects, processing circuitry 1170 and device readable medium
1180 may be considered to be integrated.

[0082] Interface 1190 is used in the wired or wireless communication of signalling and/or data between network node
1160, network 1106, and/or WDs 1110. As illustrated, interface 1190 comprises port(s)/terminal(s) 1194 to send and
receive data, for example to and from network 1106 over a wired connection. Interface 1190 also includes radio front end
circuitry 1192 that may be coupled to, orin certain aspects a part of, antenna 1162. Radio front end circuitry 1192 comprises
filters 1198 and amplifiers 1196. Radio front end circuitry 1192 may be connected to antenna 1162 and processing circuitry
1170. Radio front end circuitry may be configured to condition signals communicated between antenna 1162 and
processing circuitry 1170. Radio front end circuitry 1192 may receive digital data that is to be sent out to other network
nodes or WDs via a wireless connection. Radio front end circuitry 1192 may convert the digital data into a radio signal
having the appropriate channel and bandwidth parameters using a combination of filters 1198 and/or amplifiers 1196. The
radio signal may then be transmitted via antenna 1162. Similarly, when receiving data, antenna 1162 may collect radio
signals which are then converted into digital data by radio front end circuitry 1192. The digital data may be passed to
processing circuitry 1170. In other aspects, the interface may comprise different components and/or different combina-
tions of components.

[0083] Incertainalternative aspects, network node 1160 may notinclude separate radio frontend circuitry 1192, instead,
processing circuitry 1170 may comprise radio front end circuitry and may be connected to antenna 1162 without separate
radio front end circuitry 1192. Similarly, in some aspects, all or some of RF transceiver circuitry 1172 may be considered a
partofinterface 1190. In still other aspects, interface 1190 may include one or more ports or terminals 1194, radio front end
circuitry 1192, and RF transceiver circuitry 1172, as part of a radio unit (not shown), and interface 1190 may communicate
with baseband processing circuitry 1174, which is part of a digital unit (not shown).

[0084] Antenna 1162 may include one or more antennas, or antenna arrays, configured to send and/or receive wireless
signals. Antenna 1162 may be coupled to radio front end circuitry 1190 and may be any type of antenna capable of
transmitting and receiving data and/or signals wirelessly. In some aspects, antenna 1162 may comprise one or more omni-
directional, sector or panel antennas operable to transmit/receive radio signals between, for example, 2 GHz and 66 GHz.
An omni-directional antenna may be used to transmit/receive radio signals in any direction, a sector antenna may be used
to transmit/receive radio signals from devices within a particular area, and a panel antenna may be a line of sight antenna
used to transmit/receive radio signals in a relatively straightline. In some instances, the use of more than one antenna may
be referred to as MIMO. In certain aspects, antenna 1162 may be separate from network node 1160 and may be
connectable to network node 1160 through an interface or port.

[0085] Antenna 1162, interface 1190, and/or processing circuitry 1170 may be configured to perform any receiving
operations and/or certain obtaining operations described herein as being performed by a network node. Any information,
data and/or signals may be received from a wireless device, another network node and/or any other network equipment.
Similarly, antenna 1162, interface 1190, and/or processing circuitry 1170 may be configured to perform any transmitting
operations described herein as being performed by a network node. Any information, data and/or signals may be
transmitted to a wireless device, another network node and/or any other network equipment.

[0086] Powercircuitry 1187 may comprise, or be coupled to, power management circuitry and is configured to supply the
components of network node 1160 with power for performing the functionality described herein. Power circuitry 1187 may
receive power from power source 1186. Power source 1186 and/or power circuitry 1187 may be configured to provide
power to the various components of network node 1160 in a form suitable for the respective components (e.g., ata voltage
and current level needed for each respective component). Power source 1186 may either be included in, or external to,
power circuitry 1187 and/or network node 1160. For example, network node 1160 may be connectable to an external power
source (e.g., an electricity outlet) via an input circuitry or interface such as an electrical cable, whereby the external power
source supplies power to power circuitry 1187. As a further example, power source 1186 may comprise a source of power
in the form of a battery or battery pack which is connected to, orintegrated in, power circuitry 1187. The battery may provide
backup power should the external power source fail. Other types of power sources, such as photovoltaic devices, may also
be used.

[0087] Alternative aspects of network node 1160 may include additional components beyond those shown in Figure 9
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that may be responsible for providing certain aspects of the network node’s functionality, including any of the functionality
described herein and/or any functionality necessary to support the subject matter described herein. For example, network
node 1160 may include user interface equipment to allow input of information into network node 1160 and to allow output of
information from network node 1160. This may allow a user to perform diagnostic, maintenance, repair, and other
administrative functions for network node 1160.

[0088] As used herein, wireless device (WD) refers to a device capable, configured, arranged and/or operable to
communicate wirelessly with network nodes and/or other wireless devices. Unless otherwise noted, the term WD may be
used interchangeably herein with user equipment (UE). Communicating wirelessly may involve transmitting and/or
receiving wireless signals using electromagnetic waves, radio waves, infrared waves, and/or other types of signals
suitable for conveying information through air. In some aspects, a WD may be configured to transmit and/or receive
information without directhuman interaction. Forinstance, a WD may be designed to transmitinformation to a networkon a
predetermined schedule, when triggered by an internal or external event, or in response to requests from the network.
Examples ofa WD include, butare notlimited to, a smart phone, a mobile phone, a cell phone, avoice over IP (VolP) phone,
awireless local loop phone, a desktop computer, a personal digital assistant (PDA), a wireless cameras, a gaming console
or device, amusic storage device, a playback appliance, a wearable terminal device, a wireless endpoint, a mobile station,
a tablet, a laptop, a laptop-embedded equipment (LEE), a laptop-mounted equipment (LME), a smart device, a wireless
customer-premise equipment (CPE). a vehicle-mounted wireless terminal device, etc.. A WD may support device-to-
device (D2D) communication, for example by implementing a 3GPP standard for sidelink communication, vehicle-to-
vehicle (V2V), vehicle-to-infrastructure (V2l), vehicle-to-everything (V2X) and may in this case be referred to as a D2D
communication device. As yet another specific example, in an Internet of Things (IoT) scenario, a WD may represent a
machine or other device that performs monitoring and/or measurements, and transmits the results of such monitoring
and/or measurements to another WD and/or a network node. The WD may in this case be a machine-to-machine (M2M)
device, which may in a 3GPP context be referred to as an MTC device. As one particular example, the WD may be a UE
implementing the 3GPP narrow band internet of things (NB-loT) standard. Particular examples of such machines or
devices are sensors, metering devices such as power meters, industrial machinery, or home or personal appliances (e.g.
refrigerators, televisions, etc.) personal wearables (e.g., watches, fitness trackers, etc.). In other scenarios, a WD may
represent a vehicle or other equipment that is capable of monitoring and/or reporting on its operational status or other
functions associated with its operation. AWD as described above may represent the endpoint of a wireless connection, in
which case the device may be referred to as a wireless terminal. Furthermore, a WD as described above may be mobile, in
which case it may also be referred to as a mobile device or a mobile terminal.

[0089] As illustrated, wireless device 1110 includes antenna 1111, interface 1114, processing circuitry 1120, device
readable medium 1130, user interface equipment 1132, auxiliary equipment 1134, power source 1136 and power circuitry
1137. WD 1110 may include multiple sets of one or more of the illustrated components for different wireless technologies
supported by WD 1110, such as, for example, GSM, WCDMA, LTE, NR, WiFi, WiMAX, NB-loT, or Bluetooth wireless
technologies, just to mention a few. These wireless technologies may be integrated into the same or different chips or set of
chips as other components within WD 1110.

[0090] Antenna 1111 may include one or more antennas or antenna arrays, configured to send and/or receive wireless
signals, and is connected to interface 1114. In certain alternative aspects, antenna 1111 may be separate from WD 1110
and be connectable to WD 1110 through an interface or port. Antenna 1111, interface 1114, and/or processing circuitry
1120 may be configured to perform any receiving or transmitting operations described herein as being performed by a WD.
Anyinformation, data and/or signals may be received from a network node and/or another WD. In some aspects, radio front
end circuitry and/or antenna 1111 may be considered an interface.

[0091] Asillustrated, interface 1114 comprises radio front end circuitry 1112 and antenna 1111. Radio front end circuitry
1112 comprise one or more filters 1118 and amplifiers 1116. Radio front end circuitry 1114 is connected to antenna 1111 and
processing circuitry 1120, and is configured to condition signals communicated between antenna 1111 and processing
circuitry 1120. Radio front end circuitry 1112 may be coupled to or a part of antenna 1111. In some aspects, WD 1110 may
not include separate radio front end circuitry 1112; rather, processing circuitry 1120 may comprise radio front end circuitry
and may be connected to antenna 1111. Similarly, in some aspects, some or all of RF transceiver circuitry 1122 may be
considered a part of interface 1114. Radio front end circuitry 1112 may receive digital data that is to be sent out to other
network nodes or WDs via a wireless connection. Radio front end circuitry 1112 may convert the digital data into a radio
signal having the appropriate channel and bandwidth parameters using a combination of filters 1118 and/or amplifiers
1116. The radio signal may then be transmitted via antenna 1111. Similarly, when receiving data, antenna 1111 may collect
radio signals which are then converted into digital data by radio front end circuitry 1112. The digital data may be passed to
processing circuitry 1120. In other aspects, the interface may comprise different components and/or different combina-
tions of components.

[0092] Processing circuitry 1120 may comprise a combination of one or more of a microprocessor, controller, micro-
controller, central processing unit, digital signal processor, application-specific integrated circuit, field programmable gate
array, or any other suitable computing device, resource, or combination of hardware, software, and/or encoded logic
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operable to provide, either alone or in conjunction with other WD 1110 components, such as device readable medium 1130,
WD 1110 functionality. Such functionality may include providing any of the various wireless features or benefits discussed
herein. For example, processing circuitry 1120 may execute instructions stored in device readable medium 1130 or in
memory within processing circuitry 1120 to provide the functionality disclosed herein.

[0093] As illustrated, processing circuitry 1120 includes one or more of RF transceiver circuitry 1122, baseband
processing circuitry 1124, and application processing circuitry 1126. In other aspects, the processing circuitry may
comprise different components and/or different combinations of components. In certain aspects processing circuitry 1120
of WD 1110 may comprise a SOC. In some aspects, RF transceiver circuitry 1122, baseband processing circuitry 1124, and
application processing circuitry 1126 may be on separate chips or sets of chips. In alternative aspects, part or all of
baseband processing circuitry 1124 and application processing circuitry 1126 may be combined into one chip or set of
chips, and RF transceiver circuitry 1122 may be on a separate chip or set of chips. In still alternative aspects, part or all of RF
transceiver circuitry 1122 and baseband processing circuitry 1124 may be on the same chip or set of chips, and application
processing circuitry 1126 may be on a separate chip or set of chips. In yet other alternative aspects, part or all of RF
transceiver circuitry 1122, baseband processing circuitry 1124, and application processing circuitry 1126 may be
combined in the same chip or set of chips. In some aspects, RF transceiver circuitry 1122 may be a part of interface
1114. RF transceiver circuitry 1122 may condition RF signals for processing circuitry 1120.

[0094] Incertain aspects, some or all of the functionality described herein as being performed by a WD may be provided
by processing circuitry 1120 executing instructions stored on device readable medium 1130, which in certain aspects may
be a computer-readable storage medium. In alternative aspects, some or all of the functionality may be provided by
processing circuitry 1120 without executing instructions stored on a separate or discrete device readable storage medium,
such as in a hard-wired manner. In any of those particular aspects, whether executing instructions stored on a device
readable storage medium or not, processing circuitry 1120 can be configured to perform the described functionality. The
benefits provided by such functionality are not limited to processing circuitry 1120 alone or to other components of WD
1110, but are enjoyed by WD 1110 as a whole, and/or by end users and the wireless network generally.

[0095] Processing circuitry 1120 may be configured to perform any determining, calculating, or similar operations (e.g.,
certain obtaining operations) described herein as being performed by a WD. These operations, as performed by
processing circuitry 1120, may include processing information obtained by processing circuitry 1120 by, for example,
converting the obtained information into other information, comparing the obtained information or converted information to
information stored by WD 1110, and/or performing one or more operations based on the obtained information or converted
information, and as a result of said processing making a determination.

[0096] Device readable medium 1130 may be operable to store a computer program, software, an application including
one or more of logic, rules, code, tables, etc. and/or other instructions capable of being executed by processing circuitry
1120. Device readable medium 1130 may include computer memory (e.g., Random Access Memory (RAM) or Read Only
Memory (ROM)), mass storage media (e.g., a hard disk), removable storage media (e.g., a Compact Disk (CD) or a Digital
Video Disk (DVD)), and/or any other volatile or non-volatile, non-transitory device readable and/or computer executable
memory devices that store information, data, and/or instructions that may be used by processing circuitry 1120. In some
aspects, processing circuitry 1120 and device readable medium 1130 may be considered to be integrated.

[0097] User interface equipment 1132 may provide components that allow for a human user to interact with WD 1110.
Such interaction may be of many forms, such as visual, audial, tactile, etc. User interface equipment 1132 may be operable
to produce output to the user and to allow the user to provide input to WD 1110. The type of interaction may vary depending
on the type of user interface equipment 1132 installed in WD 1110. For example, if WD 1110 is a smart phone, the
interaction may be via a touch screen; if WD 1110 is a smart meter, the interaction may be through a screen that provides
usage (e.g., the number of gallons used) or a speaker that provides an audible alert (e.g., if smoke is detected). User
interface equipment 1132 may include input interfaces, devices and circuits, and output interfaces, devices and circuits.
User interface equipment 1132 is configured to allow input of information into WD 1110, and is connected to processing
circuitry 1120 to allow processing circuitry 1120 to process the input information. User interface equipment 1132 may
include, for example, a microphone, a proximity or other sensor, keys/buttons, a touch display, one or more cameras, a
USB port, or other input circuitry. User interface equipment 1132 is also configured to allow output of information from WD
1110, and to allow processing circuitry 1120 to output information from WD 1110. User interface equipment 1132 may
include, for example, a speaker, a display, vibrating circuitry, a USB port, a headphone interface, or other output circuitry.
Using one or more input and output interfaces, devices, and circuits, of user interface equipment 1132, WD 1110 may
communicate with end users and/or the wireless network, and allow them to benefit from the functionality described herein.
[0098] Auxiliary equipment 1134 is operable to provide more specific functionality which may not be generally performed
by WDs. This may comprise specialized sensors for doing measurements for various purposes, interfaces for additional
types of communication such as wired communications etc. The inclusion and type of components of auxiliary equipment
1134 may vary depending on the aspect and/or scenario.

[0099] Power source 1136 may, in some aspects, be in the form of a battery or battery pack. Other types of power
sources, such as an external power source (e.g., an electricity outlet), photovoltaic devices or power cells, may also be

13



10

15

20

25

30

35

40

45

50

55

EP 4 331 322 B1

used. WD 1110 may further comprise power circuitry 1137 for delivering power from power source 1136 to the various parts
of WD 1110 which need power from power source 1136 to carry out any functionality described or indicated herein. Power
circuitry 1137 may in certain aspects comprise power management circuitry. Power circuitry 1137 may additionally or
alternatively be operable to receive power from an external power source; in which case WD 1110 may be connectable to
the external power source (such as an electricity outlet) via input circuitry or an interface such as an electrical power cable.
Power circuitry 1137 may also in certain aspects be operable to deliver power from an external power source to power
source 1136. This may be, for example, for the charging of power source 1136. Power circuitry 1137 may perform any
formatting, converting, or other modification to the power from power source 1136 to make the power suitable for the
respective components of WD 1110 to which power is supplied.

[0100] Figure 10 illustrates one aspect of a UE in accordance with various aspects described herein. As used herein, a
user equipment or UE may not necessarily have a user in the sense of a human user who owns and/or operates the
relevant device. Instead, a UE may represent a device that is intended for sale to, or operation by, a human user but which
may not, or which may not initially, be associated with a specific human user (e.g., a smart sprinkler controller).
Alternatively, a UE may represent a device that is not intended for sale to, or operation by, an end user but which may
be associated with or operated for the benefit of a user (e.g., a smart power meter). UE 12200 may be any UE identified by
the 3rd Generation Partnership Project (3GPP), including a NB-loT UE, a machine type communication (MTC) UE, and/or
an enhanced MTC (eMTC) UE. UE 1200, as illustrated in Figure 10, is one example of a WD configured for communication
in accordance with one or more communication standards promulgated by the 3rd Generation Partnership Project
(3GPP), such as 3GPP’s GSM, UMTS, LTE, and/or 5G standards. As mentioned previously, the term WD and UE may be
used interchangeable. Accordingly, although Figure 10is a UE, the components discussed herein are equally applicable to
a WD, and vice-versa.

[0101] In Figure 10, UE 1200 includes processing circuitry 1201 that is operatively coupled to input/output interface
1205, radio frequency (RF) interface 1209, network connection interface 1211, memory 1215 including random access
memory (RAM) 1217, read-only memory (ROM) 1219, and storage medium 1221 or the like, communication subsystem
1231, power source 1233, and/or any other component, or any combination thereof. Storage medium 1221 includes
operating system 1223, application program 1225, and data 1227. In other aspects, storage medium 1221 may include
other similar types of information. Certain UEs may utilize all of the components shown in Figure 10, or only a subset of the
components. The level of integration between the components may vary from one UE to another UE. Further, certain UEs
may contain multiple instances of a component, such as multiple processors, memories, transceivers, transmitters,
receivers, etc.

[0102] InFigure 10, processing circuitry 1201 may be configured to process computer instructions and data. Processing
circuitry 1201 may be configured to implement any sequential state machine operative to execute machine instructions
stored as machine-readable computer programs in the memory, such as one or more hardware-implemented state
machines (e.g., in discrete logic, FPGA, ASIC, etc.); programmable logic together with appropriate firmware; one or more
stored program, general-purpose processors, such as a microprocessor or Digital Signal Processor (DSP), together with
appropriate software; or any combination of the above. For example, the processing circuitry 1201 may include two central
processing units (CPUs). Data may be information in a form suitable for use by a computer.

[0103] Inthe depicted aspect, input/outputinterface 1205 may be configured to provide a communication interface to an
inputdevice, output device, orinput and output device. UE 1200 may be configured to use an output device viainput/output
interface 1205. An output device may use the same type of interface port as an input device. For example, a USB port may
be used to provide input to and output from UE 1200. The output device may be a speaker, a sound card, a video card, a
display, a monitor, a printer, an actuator, an emitter, a smartcard, another output device, or any combination thereof. UE
1200 may be configured to use an input device via input/outputinterface 1205 to allow a user to capture information into UE
1200. The input device may include a touch-sensitive or presence-sensitive display, a camera (e.g., a digital camera, a
digital video camera, a web camera, etc.), a microphone, a sensor, a mouse, a trackball, a directional pad, a trackpad, a
scrollwheel, a smartcard, and the like. The presence-sensitive display may include a capacitive or resistive touch sensorto
sense input from a user. A sensor may be, for instance, an accelerometer, a gyroscope, a tilt sensor, a force sensor, a
magnetometer, an optical sensor, a proximity sensor, another like sensor, or any combination thereof. For example, the
input device may be an accelerometer, a magnetometer, a digital camera, a microphone, and an optical sensor.
[0104] InFigure 10, RF interface 1209 may be configured to provide a communication interface to RF components such
as a transmitter, a receiver, and an antenna. Network connection interface 1211 may be configured to provide a
communication interface to network 1243a. Network 1243a may encompass wired and/or wireless networks such as
alocal-area network (LAN), a wide-area network (WAN), a computer network, a wireless network, a telecommunications
network, another like network or any combination thereof. For example, network 1243a may comprise a Wi-Fi network.
Network connection interface 1211 may be configured to include a receiver and a transmitter interface used to commu-
nicate with one or more other devices over a communication network according to one or more communication protocols,
such as Ethernet, TCP/IP, SONET, ATM, or the like. Network connection interface 1211 may implement receiver and
transmitter functionality appropriate to the communication network links (e.g., optical, electrical, and the like). The
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transmitter and receiver functions may share circuit components, software or firmware, or alternatively may be imple-
mented separately.

[0105] RAM 1217 may be configured to interface via bus 1202 to processing circuitry 1201 to provide storage or caching
of data or computer instructions during the execution of software programs such as the operating system, application
programs, and device drivers. ROM 1219 may be configured to provide computer instructions or data to processing
circuitry 1201. Forexample, ROM 1219 may be configured to store invariantlow-level system code or data for basic system
functions such as basic input and output (I/O), startup, or reception of keystrokes from a keyboard that are stored in a non-
volatile memory. Storage medium 1221 may be configured to include memory such as RAM, ROM, programmable read-
only memory (PROM), erasable programmable read-only memory (EPROM), electrically erasable programmable read-
only memory (EEPROM), magnetic disks, optical disks, floppy disks, hard disks, removable cartridges, or flash drives. In
one example, storage medium 1221 may be configured to include operating system 1223, application program 1225 such
as aweb browser application, a widget or gadget engine or another application, and data file 1227. Storage medium 1221
may store, for use by UE 1200, any of a variety of various operating systems or combinations of operating systems.
[0106] Storage medium 1221 may be configured to include a number of physical drive units, such as redundant array of
independent disks (RAID), floppy disk drive, flash memory, USB flash drive, external hard disk drive, thumb drive, pen
drive, key drive, high-density digital versatile disc (HD-DVD) optical disc drive, internal hard disk drive, Blu-Ray optical disc
drive, holographic digital data storage (HDDS) optical disc drive, external mini-dual in-line memory module (DIMM),
synchronous dynamic random access memory (SDRAM), external micro-DIMM SDRAM, smartcard memory such as a
subscriber identity module or a removable user identity (SIM/RUIM) module, other memory, or any combination thereof.
Storage medium 1221 may allow UE 1200 to access computer-executable instructions, application programs or the like,
stored on transitory or non-transitory memory media, to off-load data, or to upload data. An article of manufacture, such as
one utilizing a communication system may be tangibly embodied in storage medium 1221, which may comprise a device
readable medium.

[0107] In Figure 10, processing circuitry 1201 may be configured to communicate with network 1243b using commu-
nication subsystem 1231. Network 1243a and network 1243b may be the same network or networks or different network or
networks. Communication subsystem 1231 may be configured to include one or more transceivers used to communicate
with network 1243b. For example, communication subsystem 1231 may be configured to include one or more transceivers
used to communicate with one or more remote transceivers of another device capable of wireless communication such as
another WD, UE, or base station of a radio access network (RAN) according to one or more communication protocols, such
as |[EEE 802.10, CDMA, WCDMA, GSM, LTE, UTRAN, WiMax, or the like. Each transceiver may include transmitter 1233
and/or receiver 1235 to implement transmitter or receiver functionality, respectively, appropriate to the RAN links (e.g.,
frequency allocations and the like). Further, transmitter 1233 and receiver 1235 of each transceiver may share circuit
components, software or firmware, or alternatively may be implemented separately.

[0108] In the illustrated aspect, the communication functions of communication subsystem 1231 may include data
communication, voice communication, multimedia communication, short-range communications such as Bluetooth, near-
field communication, location-based communication such as the use of the global positioning system (GPS) to determine a
location, another like communication function, or any combination thereof. For example, communication subsystem 1231
may include cellular communication, Wi-Fi communication, Bluetooth communication, and GPS communication. Network
1243b may encompass wired and/or wireless networks such as alocal-area network (LAN), a wide-area network (WAN), a
computer network, a wireless network, a telecommunications network, another like network or any combination thereof.
For example, network 1243b may be a cellular network, a Wi-Fi network, and/or a near-field network. Power source 1213
may be configured to provide alternating current (AC) or direct current (DC) power to components of UE 1200.

[0109] The features, benefits and/or functions described herein may be implemented in one of the components of UE
1200 or partitioned across multiple components of UE 1200. Further, the features, benefits, and/or functions described
herein may be implemented in any combination of hardware, software or firmware. In one example, communication
subsystem 1231 may be configured to include any of the components described herein. Further, processing circuitry 1201
may be configured to communicate with any of such components over bus 1202. In another example, any of such
components may be represented by program instructions stored in memory that when executed by processing circuitry
1201 perform the corresponding functions described herein. In another example, the functionality of any of such
components may be partitioned between processing circuitry 1201 and communication subsystem 1231. In another
example, the non-computationally intensive functions of any of such components may be implemented in software or
firmware and the computationally intensive functions may be implemented in hardware.

[0110] Figure 11 is a schematic block diagram illustrating a virtualization environment 1300 in which functions
implemented by some aspects may be virtualized. In the present context, virtualizing means creating virtual versions
of apparatuses or devices which may include virtualizing hardware platforms, storage devices and networking resources.
As used herein, virtualization can be applied to a node (e.g., a virtualized base station or a virtualized radio access node) or
to adevice (e.g., a UE, awireless device or any other type of communication device) or components thereof and relates to
an implementation in which at least a portion of the functionality is implemented as one or more virtual components (e.g.,
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via one or more applications, components, functions, virtual machines or containers executing on one or more physical
processing nodes in one or more networks).

[0111] In some aspects, some or all of the functions described herein may be implemented as virtual components
executed by one or more virtual machines implemented in one or more virtual environments 1300 hosted by one or more of
hardware nodes 1330. Further, in aspects in which the virtual node is not a radio access node or does not require radio
connectivity (e.g., a core network node), then the network node may be entirely virtualized.

[0112] Thefunctions may be implemented by one or more applications 1320 (which may alternatively be called software
instances, virtual appliances, network functions, virtual nodes, virtual network functions, etc.) operative to implement
some of the features, functions, and/or benefits of some of the aspects disclosed herein. Applications 1320 are run in
virtualization environment 1300 which provides hardware 1330 comprising processing circuitry 1360 and memory 1390.
Memory 1390 contains instructions 1395 executable by processing circuitry 1360 whereby application 1320 is operative to
provide one or more of the features, benefits, and/or functions disclosed herein.

[0113] Virtualization environment 1300, comprises general-purpose or special-purpose network hardware devices
1330 comprising a set of one or more processors or processing circuitry 1360, which may be commercial off-the-shelf
(COTS) processors, dedicated Application Specific Integrated Circuits (ASICs), or any other type of processing circuitry
including digital or analog hardware components or special purpose processors. Each hardware device may comprise
memory 1390-1 which may be non-persistent memory for temporarily storing instructions 1395 or software executed by
processing circuitry 1360. Each hardware device may comprise one or more network interface controllers (NICs) 1370,
also known as network interface cards, which include physical network interface 1380. Each hardware device may also
include non-transitory, persistent, machine-readable storage media 1390-2 having stored therein software 1395 and/or
instructions executable by processing circuitry 1360. Software 1395 may include any type of software including software
for instantiating one or more virtualization layers 1350 (also referred to as hypervisors), software to execute virtual
machines 1340 as well as software allowing it to execute functions, features and/or benefits described in relation with some
aspects described herein.

[0114] Virtual machines 1340, comprise virtual processing, virtual memory, virtual networking or interface and virtual
storage, and may be run by a corresponding virtualization layer 1350 or hypervisor. Different aspects of the instance of
virtual appliance 1320 may be implemented on one or more of virtual machines 1340, and the implementations may be
made in different ways.

[0115] During operation, processing circuitry 1360 executes software 1395 to instantiate the hypervisor or virtualization
layer 1350, which may sometimes be referred to as a virtual machine monitor (VMM). Virtualization layer 1350 may present
a virtual operating platform that appears like networking hardware to virtual machine 1340.

[0116] Asshown in Figure 11, hardware 1330 may be a standalone network node with generic or specific components.
Hardware 1330 may comprise antenna 13225 and may implement some functions via virtualization. Alternatively,
hardware 1330 may be part of a larger cluster of hardware (e.g. such as in a data center or customer premise equipment
(CPE)) where many hardware nodes work together and are managed via management and orchestration (MANO) 13100,
which, among others, oversees lifecycle management of applications 1320.

[0117] Virtualization of the hardware is in some contexts referred to as network function virtualization (NFV). NFV may
be used to consolidate many network equipment types onto industry standard high volume server hardware, physical
switches, and physical storage, which can be located in data centers, and customer premise equipment.

[0118] In the context of NFV, virtual machine 1340 may be a software implementation of a physical machine that runs
programs as if they were executing on a physical, non-virtualized machine. Each of virtual machines 1340, and that part of
hardware 1330 that executes that virtual machine, be ithardware dedicated to that virtual machine and/or hardware shared
by that virtual machine with others of the virtual machines 1340, forms a separate virtual network elements (VNE).
[0119] Sitill in the context of NFV, Virtual Network Function (VNF) is responsible for handling specific network functions
that run in one or more virtual machines 1340 on top of hardware networking infrastructure 1330 and corresponds to
application 1320 in Figure 11.

[0120] In some aspects, one or more radio units 13200 that each include one or more transmitters 13220 and one or
more receivers 13210 may be coupled to one or more antennas 13225. Radio units 13200 may communicate directly with
hardware nodes 1330 via one or more appropriate network interfaces and may be used in combination with the virtual
components to provide a virtual node with radio capabilities, such as a radio access node or a base station.

[0121] Insome aspects, some signalling can be effected with the use of control system 13230 which may alternatively be
used for communication between the hardware nodes 1330 and radio units 13200.

[0122] Figure 12 illustrates a telecommunication network connected via an intermediate network to a host computer in
accordance with some aspects. In particular, with reference to FIGURE 12, in accordance with an aspect, a commu-
nication system includes telecommunication network 1410, such as a 3GPP-type cellular network, which comprises
access network 1411, such as aradio access network, and core network 1414. Access network 1411 comprises a plurality
of base stations 1412a, 1412b, 1412c, such as NBs, eNBs, gNBs or other types of wireless access points, each defining a
corresponding coverage area 1413a, 1413b, 1413c. Each base station 1412a, 1412b, 1412c is connectable to core
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network 1414 over a wired or wireless connection 1415. A first UE 1491 located in coverage area 1413c is configured to
wirelessly connectto, or be paged by, the corresponding base station 1412c. A second UE 1492 in coverage area 1413ais
wirelessly connectable to the corresponding base station 1412a. While a plurality of UEs 1491, 1492 are illustrated in this
example, the disclosed aspects are equally applicable to a situation where a sole UE is in the coverage area or where a sole
UE is connecting to the corresponding base station 1412.

[0123] Telecommunication network 1410 is itself connected to host computer 1430, which may be embodied in the
hardware and/or software of a standalone server, a cloud-implemented server, a distributed server or as processing
resources in a server farm. Host computer 1430 may be under the ownership or control of a service provider, or may be
operated by the service provider or on behalf of the service provider. Connections 1421 and 1422 between telecommu-
nication network 1410 and host computer 1430 may extend directly from core network 1414 to host computer 1430 or may
govia an optional intermediate network 1420. Intermediate network 1420 may be one of, or acombination of more than one
of, a public, private or hosted network; intermediate network 1420, if any, may be a backbone network or the Internet; in
particular, intermediate network 1420 may comprise two or more sub-networks (not shown).

[0124] The communication system of Figure 12 as a whole enables connectivity between the connected UEs 1491,
1492 and host computer 1430. The connectivity may be described as an over-the-top (OTT) connection 1450. Host
computer 1430 and the connected UEs 1491, 1492 are configured to communicate data and/or signaling via OTT
connection 1450, using access network 1411, core network 1414, any intermediate network 1420 and possible further
infrastructure (not shown) as intermediaries. OTT connection 1450 may be transparent in the sense that the participating
communication devices through which OTT connection 1450 passes are unaware of routing of uplink and downlink
communications. For example, base station 1412 may not or need not be informed about the past routing of an incoming
downlink communication with data originating from host computer 1430 to be forwarded (e.g., handed over) to a connected
UE 1491. Similarly, base station 1412 need not be aware of the future routing of an outgoing uplink communication
originating from the UE 1491 towards the host computer 1430.

[0125] Exampleimplementations, in accordance with an aspect, of the UE, base station and host computer discussed in
the preceding paragraphs will now be described with reference to Figure 13. Figure 13 illustrates host computer
communicating via a base station with a user equipment over a partially wireless connection in accordance with some
aspects In communication system 1500, host computer 1510 comprises hardware 1515 including communication
interface 1516 configured to set up and maintain a wired or wireless connection with an interface of a different
communication device of communication system 1500. Host computer 1510 further comprises processing circuitry
1518, which may have storage and/or processing capabilities. In particular, processing circuitry 1518 may comprise one or
more programmable processors, application-specific integrated circuits, field programmable gate arrays or combinations
of these (not shown) adapted to execute instructions. Host computer 1510 further comprises software 1511, which is
stored in or accessible by host computer 1510 and executable by processing circuitry 1518. Software 1511 includes host
application 1512. Host application 1512 may be operable to provide a service to a remote user, such as UE 1530
connecting via OTT connection 1550 terminating at UE 1530 and host computer 1510. In providing the service to the
remote user, host application 1512 may provide user data which is transmitted using OTT connection 1550.

[0126] Communication system 1500 further includes base station 1520 provided in a telecommunication system and
comprising hardware 1525 enabling it to communicate with host computer 1510 and with UE 1530. Hardware 1525 may
include communication interface 1526 for setting up and maintaining a wired or wireless connection with an interface of a
different communication device of communication system 1500, as well as radio interface 1527 for setting up and
maintaining at least wireless connection 1570 with UE 1530 located in a coverage area (not shown in Figure 13) served by
base station 1520. Communication interface 1526 may be configured to facilitate connection 1560 to host computer 1510.
Connection 1560 may be direct or it may pass through a core network (not shown in Figure 13) of the telecommunication
system and/or through one or more intermediate networks outside the telecommunication system. In the aspect shown,
hardware 1525 of base station 1520 further includes processing circuitry 1528, which may comprise one or more
programmable processors, application-specific integrated circuits, field programmable gate arrays or combinations of
these (not shown) adapted to execute instructions. Base station 1520 further has software 1521 stored internally or
accessible via an external connection.

[0127] Communication system 1500 further includes UE 1530 already referred to. Its hardware 1535 may include radio
interface 1537 configured to set up and maintain wireless connection 1570 with a base station serving a coverage areain
which UE 1530 is currently located. Hardware 1535 of UE 1530 further includes processing circuitry 1538, which may
comprise one or more programmable processors, application-specific integrated circuits, field programmable gate arrays
or combinations of these (not shown) adapted to execute instructions. UE 1530 further comprises software 1531, which is
stored in or accessible by UE 1530 and executable by processing circuitry 1538. Software 1531 includes client application
1532. Client application 1532 may be operable to provide a service to a human or non-human user via UE 1530, with the
support of host computer 1510. In host computer 1510, an executing host application 1512 may communicate with the
executing client application 1532 via OTT connection 1550 terminating at UE 1530 and host computer 1510. In providing
the service to the user, client application 1532 may receive request data from host application 1512 and provide user data
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in response to the request data. OTT connection 1550 may transfer both the request data and the user data. Client
application 1532 may interact with the user to generate the user data that it provides.

[0128] Itis noted that host computer 1510, base station 1520 and UE 1530 illustrated in Figure 13 may be similar or
identical to host computer 1430, one of base stations 1412a, 1412b, 1412c and one of UEs 1491, 1492 of Figure 12,
respectively. This is to say, the inner workings of these entities may be as shown in Figure 13 and independently, the
surrounding network topology may be that of Figure 12.

[0129] In Figure 13, OTT connection 1550 has been drawn abstractly to illustrate the communication between host
computer 1510 and UE 1530 via base station 1520, without explicit reference to any intermediary devices and the precise
routing of messages via these devices. Network infrastructure may determine the routing, which it may be configured to
hide from UE 1530 or from the service provider operating host computer 1510, or both. While OTT connection 1550 is
active, the network infrastructure may further take decisions by which it dynamically changes the routing (e.g., on the basis
of load balancing consideration or reconfiguration of the network).

[0130] Wireless connection 1570 between UE 1530 and base station 1520 is in accordance with the teachings of the
aspects described throughout this disclosure. One or more of the various aspects improve the performance of OTT
services provided to UE 1530 using OT Tconnection 1550, in which wireless connection 1570 forms the last segment. More
precisely, the teachings of these aspects may improve packet delivery, and hence meet service level requirements in a
TSC QoS flow, and thereby provide benefits such as reducing latency, meeting critical timing requirements, and improving
UE battery savings.

[0131] A measurementprocedure may be provided for the purpose of monitoring data rate, latency and other factors on
which the one or more aspects improve. There may further be an optional network functionality for reconfiguring OTT
connection 1550 between host computer 1510 and UE 1530, in response to variations in the measurement results. The
measurement procedure and/or the network functionality for reconfiguring OTT connection 1550 may be implemented in
software 1511 and hardware 1515 of host computer 1510 or in software 1531 and hardware 1535 of UE 1530, or both. In
aspects, sensors (not shown) may be deployed in or in association with communication devices through which OTT
connection 1550 passes; the sensors may participate in the measurement procedure by supplying values of the monitored
quantities exemplified above, or supplying values of other physical quantities from which software 1511, 1531 may
compute or estimate the monitored quantities. The reconfiguring of OTT connection 1550 may include message format,
retransmission settings, preferred routing etc.; the reconfiguring need not affect base station 1520, and it may be unknown
or imperceptible to base station 1520. Such procedures and functionalities may be known and practiced in the art. In
certain aspects, measurements may involve proprietary UE signaling facilitating host computer 1510’s measurements of
throughput, propagation times, latency and the like. The measurements may be implemented in that software 1511 and
1531 causes messages to be transmitted, in particular empty or 'dummy’ messages, using OTT connection 1550 while it
monitors propagation times, errors etc.

[0132] Figure 14 is a flowchart illustrating a method implemented in a communication system, in accordance with one
aspect. The communication system includes a host computer, a base station and a UE which may be those described with
reference to Figures 12 and 13. For simplicity of the present disclosure, only drawing references to Figure 14 will be
included in this section. In step 1610, the host computer provides user data. In substep 1611 (which may be optional) of
step 1610, the host computer provides the user data by executing a host application. In step 1620, the host computer
initiates a transmission carrying the user data to the UE. In step 1630 (which may be optional), the base station transmits to
the UE the user data which was carried in the transmission that the host computer initiated, in accordance with the
teachings of the aspects described throughout this disclosure. In step 1640 (which may also be optional), the UE executes
a client application associated with the host application executed by the host computer.

[0133] Figure 15is a flowchart illustrating a method implemented in a communication system, in accordance with one
aspect. The communication system includes a host computer, a base station and a UE which may be those described with
reference to Figures 12 and 13. For simplicity of the present disclosure, only drawing references to Figure 15 will be
included in this section. In step 1710 of the method, the host computer provides user data. In an optional substep (not
shown) the host computer provides the user data by executing a host application. In step 1720, the host computer initiates
a transmission carrying the user data to the UE. The transmission may pass via the base station, in accordance with the
teachings of the aspects described throughout this disclosure. In step 1730 (which may be optional), the UE receives the
user data carried in the transmission.

[0134] Figure 16 is a flowchart illustrating a method implemented in a communication system, in accordance with one
aspect. The communication systemincludes a host computer, a base station and a UE which may be those described with
reference to Figures 12 and 13. For simplicity of the present disclosure, only drawing references to Figure 16 will be
included in this section. In step 1810 (which may be optional), the UE receives input data provided by the host computer.
Additionally or alternatively, in step 1820, the UE provides user data. In substep 1821 (which may be optional) of step 1820,
the UE provides the user data by executing a client application. In substep 1811 (which may be optional) of step 1810, the
UE executes a client application which provides the user data in reaction to the received input data provided by the host
computer. In providing the user data, the executed client application may further consider user input received from the user.
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Regardless of the specific manner in which the user data was provided, the UE initiates, in substep 1830 (which may be
optional), transmission of the user data to the host computer. In step 1840 of the method, the host computer receives the
user data transmitted from the UE, in accordance with the teachings of the aspects described throughout this disclosure.
[0135] Figure 17 is a flowchart illustrating a method implemented in a communication system, in accordance with one
aspect. The communication system includes a host computer, a base station and a UE which may be those described with
reference to Figures 12 and 13. For simplicity of the present disclosure, only drawing references to Figure 17 will be
included in this section. In step 1910 (which may be optional), in accordance with the teachings of the aspects described
throughout this disclosure, the base station receives user data from the UE. In step 1920 (which may be optional), the base
station initiates transmission of the received user data to the host computer. In step 1930 (which may be optional), the host
computer receives the user data carried in the transmission initiated by the base station.

[0136] Anyappropriate steps, methods, features, functions, or benefits disclosed herein may be performed through one
or more functional units or modules of one or more virtual apparatuses. Each virtual apparatus may comprise a number of
these functional units. These functional units may be implemented via processing circuitry, which may include one or more
microprocessor or microcontrollers, as well as other digital hardware, which may include digital signal processors (DSPs),
special-purpose digital logic, and the like. The processing circuitry may be configured to execute program code stored in
memory, which may include one or several types of memory such as read-only memory (ROM), random-access memory
(RAM), cache memory, flash memory devices, optical storage devices, etc. Program code stored in memory includes
program instructions for executing one or more telecommunications and/or data communications protocols as well as
instructions for carrying out one or more of the techniques described herein. In some implementations, the processing
circuitry may be used to cause the respective functional unit to perform corresponding functions according one or more
aspects of the present disclosure.

[0137] Certain aspects may provide one or more of the following technical advantages. The network can utilize survival
time to increase the spectral efficiency, while ensuring it meets the service level requirement, in particular for the case
where the survival time is very short, e.g., 0.5 millisecond. For example, the network can effectively activate the actual
utilization of a PDCP duplication by a DCI command, which is faster and more reliable than the traditional MAC CE
activation command. Alternatively, the network can pre-allocate a smaller set of resources needed for PDCP duplication.
[0138] Generally, allterms used herein are to be interpreted according to their ordinary meaning in the relevant technical
field, unless a different meaning is clearly given and/or is implied from the context in which it is used. All references to
al/an/the element, apparatus, component, means, step, etc. are to be interpreted openly as referring to at least one
instance of the element, apparatus, component, means, step, etc., unless explicitly stated otherwise. The steps of any
methods disclosed herein do not have to be performed in the exact order disclosed, unless a step is explicitly described as
following or preceding another step and/or where itis implicit that a step must follow or precede another step. Any feature of
any of the aspects disclosed herein may be applied to any other aspect, wherever appropriate. Likewise, any advantage of
any of the aspects may apply to any other aspects, and vice versa. Other objectives, features, and advantages of the
enclosed aspects will be apparent from the description.

[0139] The term "unit" may have conventional meaning in the field of electronics, electrical devices and/or electronic
devices and may include, forexample, electrical and/or electronic circuitry, devices, modules, processors, memories, logic
solid state and/or discrete devices, computer programs or instructions for carrying out respective tasks, procedures,
computations, outputs, and/or displaying functions, and so on, such as those that are described herein. As used herein, the
term "configured to" means set up, organized, adapted, or arranged to operate in a particular way; the termis synonymous
with "designed to." As used herein, the term "substantially" means nearly or essentially, but not necessarily completely; the
term encompasses and accounts for mechanical or component value tolerances, measurement error, random variation,
and similar sources of imprecision.

[0140] Some ofthe aspects contemplated herein are described more fully with reference to the accompanying drawings.
Other aspects, however, are contained within the scope of the subject matter disclosed herein. The disclosed subject
matter should not be construed as limited to only the aspects set forth herein; rather, these aspects are provided by way of
example to convey the scope of the subject matter to those skilled in the art.

[0141] The presentdisclosure may, of course, be carried outin other ways than those specifically set forth herein without
departing from essential characteristics of the disclosure. The present aspects are to be considered in all respects as
illustrative and not restrictive, and all changes coming within the scope of the appended claims are intended to be
embraced therein.

Claims
1. A method (100), performed by a wireless device (10, 30) operative in a wireless communication network, for

transmitting uplink data packets in a data flow implementing Packet Data Convergence Protocol, PDCP, packet
duplication, the method (100) comprising:
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operating (102) a first Radio Link Control, RLC, entity as a first PDCP duplication leg;

operating (104) a second RLC entity as a second PDCP duplication leg;

upon the actual or estimated arrival (104) of each data packet in the first PDCP duplication leg, starting (106) a
discard timer having a duration less than an estimated arrival time of a subsequent data packet;

inresponse to the unavailability of radio resources (108) associated with the first PDCP duplication leg, discarding
(112) each data packet, without transmitting it, at the expiration of the discard timer (110); and

in response to the network allocating radio resources (108) associated with the first PDCP duplication leg,
transmitting (114) data packets to the network utilizing the allocated radio resources.

The method (100) of claim 1, wherein the data flow has a Quality of Service, QoS, restriction associated with it, further
wherein the QoS data flow is a Time Sensitive Communication, TSC, data flow.

The method (100) of claim 1 wherein the discard timer is started (106), for at least one of:

upon the actual arrival of each data packet at the PDCP or RLC layer; or.
according to the Burst Arrival Time, BAT, parameter in a TSC Assistance Information, TSCAI; or
when the PDCP or RLC packet is delivered to a lower layer for transmission.

The method (100) of claim 1 wherein the arrival time of a subsequent data packet is estimated from packet periodicity
in a TSC Assistance Information, TSCAI.

The method (100) of any preceding claim wherein a logical channel of the first PDCP duplication leg is configured with
a Logical Channel Priority restriction such that the radio resources associated with the first PDCP duplication leg are
not available unless explicitly activated by the network, optionally wherein the radio resources that are not available
unless explicitly activated by the network comprise: configured but not activated Configured Grants, CG; or dynamic
grants with a specific PHY layer index.

The method (100) of any of claims 1-4 wherein a logical channel of the first PDCP duplication leg is configured with a
Logical Channel Priority restriction such that the radio resources associated with the first PDCP duplication leg are
only available every N-th instance of the periodic traffic, optionally wherein the radio resources that are only available
every N-th instance comprise: Configured Grants, CG, that are configured but only activated every N-th instance; or
dynamic grants with a specific PHY layer index that are only issued every N-th instance.

The method (100) of any preceding claim wherein the network enters a survival time upon first detecting a packet was
not received on a configured and activated radio resource, optionally wherein the network exits a survival time upon
receiving a packet prior to expiration of the survival time.

A method (200), performed by a base station (50, 70) operative in a wireless communication network, for controlling
the transmission of uplink data packets in a data flow implementing Packet Data Convergence Protocol, PDCP, packet
duplication, the method (200) comprising:

configuring (202) afirst Radio Link Control, RLC, entity as afirst PDCP duplication legin a wireless device (10, 30)
operative in the wireless communication network;

configuring (204) a second RLC entity as a second PDCP duplication leg in the wireless device;

configuring (204) a discard timer in the wireless device (10, 30) to be started upon the actual or estimated arrival of
each data packet in the first PDCP duplication leg, the discard timer having a duration less than an estimated
arrival time of a subsequent data packet for discarding each data packet without transmitting it at the expiration of
the discard timer in response to the unavailability of radio resources associated with the first PDCP leg;

in response to timely receiving data packets (206) from the second PDCP duplication leg, not allocating radio
resources (210) associated with the first PDCP duplication leg; and

in response to failing to timely receive a data packet from the second PDCP duplication leg (206), allocating (208)
radio resources associated with the first PDCP duplication leg, and receiving data packets from the first PDCP
duplication leg.

9. The method (200) of claim 8, wherein the data flow has a Quality of Service, QoS, restriction associated with it,

optionally wherein the QoS data flow is a Time Sensitive Communication, TSC, data flow.

10. The method (200) of claim 8 wherein the wireless device (10, 30) is configured to start the discard timer, for atleast one
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of:

upon the actual arrival of each data packet at the PDCP or RLC layer; or
in alignment with a Burst Arrival Time, BAT, parameter in a TSC Assistance Information, TSCAI; or
when the PDCP or RLC packet is delivered to a lower layer for transmission.

The method (200) of claim 8 wherein the arrival time of a subsequent data packet is estimated from packet periodicity
in a TSC Assistance Information, TSCAI.

The method (200) of any of claims 8-11 wherein allocating or not allocating radio resources associated with the first
PDCP duplication leg comprises configuring a logical channel of the PDCP duplication leg with a Logical Channel
Priority, LCP, restriction such that the radio resources associated with the first PDCP duplication leg are not available
unless explicitly activated, optionally wherein the radio resources that are not available unless explicitly activated
comprise: configured but not activated Configured Grants, CG; or dynamic grants with a specific PHY layer index.

The method (200) of any of claims 8-12 wherein the base station (50, 70) enters a survival time upon first detecting a
packet was not received on a configured and activated radio resource, optionally wherein the base station (50, 70)
exits a survival time upon receiving a packet prior to expiration of the survival time.

A User Equipment, UE (10, 30), operative in a wireless communication network to transmit uplink data packets in a
data flow implementing Packet Data Convergence Protocol, PDCP, packet duplication, the UE (10, 30) operable to
carry out any one or any combination of claims 1 to 7.

A base station (50, 70), operative in a wireless communication network to control the transmission of uplink data
packets in a data flow implementing Packet Data Convergence Protocol, PDCP, packet duplication, the base station
(50, 70) operable to carry out any one or any combination of claims 8 to 13.

Patentanspriiche

1.

Verfahren (100), das von einer drahtlosen Vorrichtung (10, 30) durchgefiihrt wird, die in einem drahtlosen Kommu-
nikationsnetzwerk operiert, zum Senden von Uplink-Datenpaketen in einem Datenfluss unter Implementierung von
Paketdatenkonvergenzprotokoll-Paketduplizierung, PDCP-Paketduplizierung, wobei das Verfahren (100) Folgen-
des umfasst:

Betreiben (102) einer ersten Funkverbindungssteuerungsentitat, RLC-Entitat, als einen ersten PDCP-Duplizie-
rungsabschnitt;

Betreiben (104) einer zweiten RLC-Entitat als einen zweiten PDCP-Duplizierungsabschnitt;

bei der tatsachlichen oder geschatzten Ankunft (104) jedes Datenpakets in dem ersten PDCP-Duplizierungs-
abschnitt Starten (106) eines Verwerfungszeitgebers mit einer Dauer, die kiirzer als eine geschatzte Ankunftszeit
eines nachfolgenden Datenpakets ist;

in Reaktion auf die Nichtverfiigbarkeit von Funkressourcen (108), die mit dem ersten PDCP-Duplizierungsab-
schnitt assoziiert sind, Verwerfen (112) jedes Datenpakets, ohne es zu senden, bei Ablauf des Verwerfungs-
zeitgebers (110); und

in Reaktion darauf, dass das Netzwerk Funkressourcen (108) zuweist, die mit dem ersten PDCP-Duplizierungs-
abschnitt assoziiert sind, Senden (114) von Datenpaketen an das Netzwerk unter Verwendung der zuge-
wiesenen Funkressourcen.

Verfahren (100) nach Anspruch 1, wobei der Datenfluss eine damit assoziierte Dienstqualitatsbeschrankung, QoS-
Beschrankung, aufweist, wobei ferner der QoS-Datenfluss ein zeitempfindlicher Kommunikationsdatenfluss, TSC-
Datenfluss, ist.

Verfahren (100) nach Anspruch 1, wobei der Verwerfungszeitgeber fiir mindestens eines von Folgendem gestartet
wird (106):

bei der tatsachlichen Ankunft jedes Datenpakets an der PDCP- oder RLC-Schicht; oder

gemafl dem Burst-Ankunftszeitparameter, BAT-Parameter, in einer TSC-Unterstiitzungsinformation, TSCAI;
oder
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wenn das PDCP- oder RLC-Paket an eine untere Schicht zur Ubertragung tibermittelt wird.

Verfahren (100) nach Anspruch 1, wobei die Ankunftszeit eines nachfolgenden Datenpakets aus einer Paketperiodi-
zitat in einer TSC-Unterstitzungsinformation, TSCAI, geschatzt wird.

Verfahren (100) nach einem der vorhergehenden Anspriiche, wobei ein Logikkanal des ersten PDCP-Duplizierungs-
abschnitts mit einer Logikkanalprioritatsbeschrankung konfiguriert ist, sodass die mit dem ersten PDCP-Duplizie-
rungsabschnitt assoziierten Funkressourcen nicht verfligbar sind, sofern sie nicht explizit durch das Netzwerk
aktiviert werden, wobei optional die Funkressourcen, die nicht verfligbar sind, sofern sie nicht explizit durch das
Netzwerk aktiviert werden, Folgendes umfassen: konfigurierte, aber nicht aktivierte Configured Grants, CG, oder
dynamische Freigaben mit einem spezifischen PHY-Schicht-Index.

Verfahren (100) nach einem der Anspruiche 1 bis 4, wobei ein Logikkanal des ersten PDCP-Duplizierungsabschnitts
mit einer Logikkanalprioritatsbeschrankung konfiguriertist, sodass die mit dem ersten PDCP-Duplizierungsabschnitt
assoziierten Funkressourcen nur jede N-te Instanz des periodischen Verkehrs verfligbar sind, wobei die Funk-
ressourcen, die nur jede N-te Instanz verfiigbar sind, Folgendes umfassen: Configured Grants, CG, die konfiguriert
sind, aber nur jede N-te Instanz aktiviert werden; oder dynamische Freigaben mit einem spezifischen PHY-Schicht-
Index, die nur jede N-te Instanz erteilt werden.

Verfahren (100) nach einem der vorhergehenden Anspriiche, wobei das Netzwerk bei Ersterkennung, dass ein Paket
auf einer konfigurierten und aktivierten Funkressource nicht empfangen wurde, in eine Uberlebenszeit eintritt, wobei
optional das Netzwerk eine Uberlebenszeit bei Empfang eines Pakets vor Ablauf der Uberlebenszeit verlasst.

Verfahren (200), das von einer Basisstation (50, 70) durchgefiihrt wird, die in einem drahtlosen Kommunikations-
netzwerk operiert, zum Steuern der Ubertragung von Uplink-Datenpaketen in einem Datenfluss unter Implemen-
tierung von Paketdatenkonvergenzprotokoll-Paketduplizierung, PDCP-Paketduplizierung, wobei das Verfahren
(200) Folgendes umfasst:

Konfigurieren (202) einer ersten Funkverbindungssteuerungsentitat, RLC-Entitat, als einen ersten PDCP-
Duplizierungsabschnittin einer drahtlosen Vorrichtung (10, 30), die in dem drahtlosen Kommunikationsnetzwerk
operiert;

Konfigurieren (204) einer zweiten RLC-Entitat als einen zweiten PDCP-Duplizierungsabschnitt in der drahtlosen
Vorrichtung;

Konfigurieren (204) eines Verwerfungszeitgebers in der drahtlosen Vorrichtung (10, 30), der bei der tatsachlichen
oder geschéatzten Ankunft jedes Datenpakets im ersten PDCP-Duplizierungsabschnitt gestartet werden soll,
wobei der Verwerfungszeitgeber eine Dauer aufweist, die kiirzer als eine geschatzte Ankunftszeit eines nach-
folgenden Datenpakets ist, zum Verwerfen jedes Datenpakets, ohne es zu senden, bei Ablauf des Verwerfungs-
zeitgebers in Reaktion auf die Nichtverfiigbarkeit von Funkressourcen, die mit dem ersten PDCP-Abschnitt
assoziiert sind;

in Reaktion auf ein rechtzeitiges Empfangen von Datenpaketen (206) von dem zweiten PDCP-Duplizierungs-
abschnitt Nichtzuweisen von Funkressourcen (210), die mitdem ersten PDCP-Duplizierungsabschnitt assoziiert
sind; und

in Reaktion darauf, dass ein Datenpaket von dem zweiten PDCP-Duplizierungsabschnitt nicht rechtzeitig
empfangen wird (206), Zuweisen (208) von Funkressourcen, die mit dem ersten PDCP-Duplizierungsabschnitt
assoziiert sind, und Empfangen von Datenpaketen von dem ersten PDCP-Duplizierungsabschnitt.

9. \Verfahren (200) nach Anspruch 8, wobei der Datenfluss eine damit assoziierte Dienstqualitatsbeschrankung, QoS-

Beschrankung, aufweist, wobei ferner der QoS-Datenfluss ein zeitempfindlicher Kommunikationsdatenfluss, TSC-
Datenfluss, ist.

10. Verfahren (200) nach Anspruch 8, wobei die drahtlose Vorrichtung (10, 30) so konfiguriert ist, dass sie den

Verwerfungszeitgeber fiir mindestens eines von Folgendem startet:

bei der tatsachlichen Ankunft jedes Datenpakets an der PDCP- oder RLC-Schicht; oder

in Abstimmung mit einem Burst-Ankunftszeitparameter, BAT-Parameter, in einer TSC-Unterstitzungsinforma-
tion, TSCAI; oder

wenn das PDCP- oder RLC-Paket an eine untere Schicht zur Ubertragung tibermittelt wird.
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Verfahren (200) nach Anspruch 8, wobei die Ankunftszeit eines nachfolgenden Datenpakets aus einer Paketperiodi-
zitat in einer TSC-Unterstiitzungsinformation, TSCAI, geschatzt wird.

Verfahren (200) nach einem der Anspriiche 8 bis 11, wobei das Zuweisen oder Nichtzuweisen von Funkressourcen,
die mit dem ersten PDCP-Duplizierungsabschnitt assoziiert sind, ein Konfigurieren eines Logikkanals des PDCP-
Duplizierungsabschnitts mit einer Logikkanalprioritdtsbeschrankung, LCP-Beschrankung, umfasst, sodass die mit
dem ersten PDCP-Duplizierungsabschnitt assoziierten Funkressourcen nicht verfligbar sind, sofern sie nicht explizit
aktiviert werden, wobei optional die Funkressourcen, die nicht verfligbar sind, sofern sie nicht explizit aktiviert werden,
Folgendes umfassen: konfigurierte, aber nicht aktivierte Configured Grants, CG, oder dynamische Freigaben mit
einem spezifischen PHY-Schicht-Index.

Verfahren (200) nach einem der Anspriiche 8 bis 12, wobei die Basisstation (50, 70) bei Ersterkennung, dass ein
Paket auf einer konfigurierten und aktivierten Funkressource nicht empfangen wurde, in eine Uberlebenszeit eintritt,
wobei optional die Basisstation (50, 70) eine Uberlebenszeit bei Empfang eines Pakets vor Ablauf der Uberlebenszeit
verlasst.

Benutzereinrichtung, UE (10, 30), die in einem drahtlosen Kommunikationsnetzwerk operiert, um Uplink-Daten-
pakete in einem Datenfluss unter Implementierung von Paketdatenkonvergenzprotokoll-Paketduplizierung, PDCP-
Paketduplizierung, zu senden, wobei die UE (10, 30) zum Durchflihren eines oder einer Kombination der Anspriiche 1
bis 7 ausgelegt ist.

Basisstation (50, 70), die in einem drahtlosen Kommunikationsnetzwerk operiert, um die Ubertragung von Uplink-
Datenpaketen in einem Datenfluss unter Implementierung von Paketdatenkonvergenzprotokoll-Paketduplizierung,
PDCP-Paketduplizierung, zu steuern, wobei die Basisstation (50, 70) zum Durchfiihren eines oder einer Kombination
der Anspriiche 8 bis 13 ausgelegt ist.

Revendications

1.

Procédé (100), réalisé par un dispositif sans fil (10, 30) fonctionnel dans un réseau de communication sans fil, pour
transmettre des paquets de données de liaison montante dans un flux de données mettant en ceuvre une duplication
de paquets de protocole de convergence de données en paquets, PDCP, le procédé (100) comprenant :

le fonctionnement (102) d’'une premiére entité de commande de liaison radio, RLC, en tant qu’'une premiére
branche de duplication PDCP ;

le fonctionnement (104) d’'une deuxiéme entité RLC en tant qu’'une deuxiéme branche de duplication PDCP ;
alarrivée réelle ou estimée (104) de chaque paquet de données dans la premiére branche de duplication PDCP,
le démarrage (106) d’une minuterie de rejet présentant une durée inférieure a un temps d’arrivée estimé d’un
paquet de données suivant ;

enréponse al’indisponibilité de ressources radio (108) associées a la premiére branche de duplication PDCP, le
rejet (112) de chaque paquet de données, sans le transmettre, a I'expiration de la minuterie de rejet (110) ; et
enréponse al’allocation, parle réseau, de ressources radio (108) associées a la premiéere branche de duplication
PDCP, la transmission (114) de paquets de données au réseau en utilisant les ressources radio allouées.

Procédé (100) selon la revendication 1, dans lequel le flux de données présente une restriction de qualité de service,
QoS, qui lui est associée, en outre dans lequel le flux de données QoS est un flux de données de communication
sensible au temps, TSC.

Procédé (100) selon la revendication 1, dans lequel la minuterie de rejet est démarrée (106) dans au moins l'un des
cas suivants :

a l'arrivée réelle de chaque paquet de données au niveau de la couche PDCP ou RLC ; ou
selon un parameétre de temps d’arrivée en salves, BAT, dans des informations d’assistance ala TSC, TSCAI ; ou

lorsque le paquet PDCP ou RLC est livré a une couche inférieure pour une transmission.

Procédé (100) selon la revendication 1, dans lequel le temps d’arrivée d’un paquet de données suivant est estimé a
partir d’une périodicité de paquets dans des informations d’assistance a la TSC, TSCAI.
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Procédé (100) selon I'une quelconque des revendications précédentes, dans lequel un canal logique de la premiére
branche de duplication PDCP est configuré avec une restriction de priorité de canal logique de sorte que les
ressources radio associées a la premiere branche de duplication PDCP ne soient pas disponibles sauf si elles sont
explicitement activées par le réseau, facultativement dans lequel les ressources radio qui ne sont pas disponibles
sauf si elles sont explicitement activées par le réseau comprennent : des octrois configurés, CG, qui sont configurés
mais pas activés ; ou des octrois dynamiques avec un indice de couche PHY spécifique.

Procédé (100) selon I'une quelconque des revendications 1 a 4, dans lequel un canal logique de la premiére branche
de duplication PDCP est configuré avec une restriction de priorité de canal logique de sorte que les ressources radio
associees a la premiére branche de duplication PDCP ne soient disponibles que toutes les N instances du trafic
périodique, facultativement dans lequel les ressources radio qui ne sont disponibles que toutes les N instances
comprennent : des octrois configurés, CG, qui sont configurés mais uniquement activés toutes les N instances ; ou
des octrois dynamiques avec un indice de couche PHY spécifique qui sont uniquement émis toutes les N instances.

Procédé (100) selon I'une quelconque des revendications précédentes, dans lequel le réseau entre dans un temps de
survie a la premiére détection qu’'un paquet na pas été regu sur une ressource radio configurée et activée,
facultativement dans lequel le réseau sort d’'un temps de survie a la réception d’'un paquet avant une expiration
du temps de survie.

Procédé (200), réalisé par une station de base (50, 70) fonctionnelle dans un réseau de communication sans fil, pour
commander la transmission de paquets de données de liaison montante dans un flux de données mettant en ceuvre
une duplication de paquets de protocole de convergence de données en paquets, PDCP, le procédé (200)
comprenant :

la configuration (202) d’'une premiére entité de commande de liaison radio, RLC, en tant qu'une premiére branche
de duplication PDCP dans un dispositif sans fil (10, 30) fonctionnel dans le réseau de communication sans fil ;
la configuration (204) d’une deuxiéme entité RLC en tant qu'une deuxi€éme branche de duplication PDCP dans le
dispositif sans fil ;

la configuration (204) du démarrage d’'une minuterie de rejet dans le dispositif sans fil (10, 30) & I'arrivée réelle ou
estimée de chaque paquet de données dans la premiére branche de duplication PDCP, la minuterie de rejet
présentant une durée inférieure a un temps d’arrivée estimé d’un paquet de données suivant, pour rejeter chaque
paquet de données sans le transmettre a I'expiration de la minuterie de rejet en réponse a l'indisponibilité de
ressources radio associées a la premiére branche PDCP ;

en réponse a la réception a temps de paquets de données (206) depuis la deuxiéme branche de duplication
PDCP, la non-allocation de ressources radio (210) associées a la premiéere branche de duplication PDCP ; et
en réponse a I'échec de réception a temps d’un paquet de données depuis la deuxiéme branche de duplication
PDCP (206), I'allocation (208) de ressources radio associées a la premiére branche de duplication PDCP, et la
réception de paquets de données depuis la premiére branche de duplication PDCP.

Procédé (200) selon la revendication 8, dans lequel le flux de données présente une restriction de qualité de service,
QoS, qui lui est associée, facultativement dans lequel le flux de données QoS est un flux de données de
communication sensible au temps, TSC.

Procédé (200) selon la revendication 8, dans lequel le dispositif sans fil (10, 30) est configuré pour démarrer la
minuterie de rejet dans au moins 'un des cas suivants :

a l'arrivée réelle de chaque paquet de données au niveau de la couche PDCP ou RLC ; ou
selon un parameétre de temps d’arrivée en salves, BAT, dans des informations d’assistance ala TSC, TSCAI ; ou
lorsque le paquet PDCP ou RLC est livré a une couche inférieure pour une transmission.

Procédé (200) selon la revendication 8, dans lequel le temps d’arrivée d’un paquet de données suivant est estimé a
partir d’une périodicité de paquets dans des informations d’assistance a la TSC, TSCAI.

Procédé (200) selon I'une quelconque des revendications 8 a 11, dans lequel I'allocation ou la non-allocation de
ressources radio associées a la premiére branche de duplication PDCP comprend la configuration d’'un canal logique
de labranche de duplication PDCP avec une restriction de priorité de canal logique, LCP, de sorte que les ressources
radio associées a la premiere branche de duplication PDCP ne soient pas disponibles sauf si elles sont explicitement
activées, facultativement dans lequel les ressources radio qui ne sont pas disponibles sauf si elles sont explicitement
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activées comprennent : des octrois configurés, CG, qui sont configurés mais pas activés ; ou des octrois dynamiques
avec un indice de couche PHY spécifique.

Procédé (200) selon I'une quelconque des revendications 8 a 12, dans lequel la station de base (50, 70) entre dans un
temps de survie a la premiére détection qu’un paquet n’a pas été regu sur une ressource radio configurée et activée,
facultativement dans lequel la station de base (50, 70) sort d’un temps de survie a réception d’'un paquet avant une
expiration du temps de survie.

Equipement utilisateur, UE (10, 30), fonctionnel dans un réseau de communication sans fil pour transmettre des
paquets de données de liaison montante dans un flux de données mettant en ceuvre une duplication de paquets de
protocole de convergence de données en paquets, PDCP, 'UE (10, 30) étant apte a réaliser 'une quelconque ou toute
combinaison des revendications 1 a 7.

Station de base (50, 70), fonctionnelle dans un réseau de communication sans fil pour commander la transmission de
paquets de données de liaison montante dans un flux de données mettant en ceuvre une duplication de paquets de
protocole de convergence de données en paquets, PDCP, la station de base (50, 70) étant apte a réaliser I'une
quelconque ou toute combinaison des revendications 8 a 13.
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